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International Bureau of the priority document(s) relating to the earlier applfcation(s) indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt, or by the letters "NR", in the right-hand column, the priority 
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INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicants or agenf s file reference 
PCT/MDC-Anker 


POR FURTHER ^ Notification of Transmittal of Internationa) Search Report 

(Form PCT/lSA/220) as well as, where applicable, Item 5 below. 

ACTION 


International application No. 

PCT/EP 00/02062 


International filing date (day/month/year) 

09/03/2000 


(Earliest) Priority Date (day/month/year) 

09/03/1999 


Applicant 

MAX-DELBRUCK-CENTRUM FOR MOLEKULARE MEDIZIN 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 4 sheets. 

Pn It is also accompanied by a copy of each prior art document cited in this report. 



1 , Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the intemational application in the 
language in which It was filed, unless othenvise indicated under this item. 

rn the intemational search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the intemational search 
was carried out on the basis of the sequence listing : 

I I contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 



□ 
□ 
□ 
□ 

□ 

□ 
□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box i). 
Unity of invention is iaclcing (see Box II). 



With regard to the title, 

I I the text is approved as submitted by the applicant. 

pn the text has been established by this Authority to read as follows: 
USE OF INHIBITORS OF ENDOTOXIN FOR THE TREATMENT OF CHACHEXIA 



5. With regard to the abstract, 

pn the text is approved as submitted by the applicant. 

I I the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
' — ' within one month from the date of mailing of this intemational search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 



I I as suggested by the applicant. JX| None of the figures. 

because the applicant failed to suggest a figure. 
I ] because this figure better characterizes the invention. 



Form PCT/ISA/210 (first sheet) (July 1998) 



internahona^search report 



Intern. 



^^^plication No 

PCT/^Wo/02062 



A. CLASSIRCATION OF SUBJECT MATTER , 

IPC 7 A61K31/575 A61P9/04 



According to Intemattonai PaterU Classification (IPC) or to both national classification and IPC 



B. RELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 A61K A61P 



Documentation searched other than mintmum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

BIOSIS 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



X,Y 



SASATOMI K ET AL: "Effects of 
ursodeoxycholic acid on intrahepatic 
localization of endotoxin in bile 
duct-li gated rats and patients with 
primary biliary cirrhosis." 
GASTROENTEROLOGY, 

vol. 110, no. 4 SUPPL., 1996, page A1312 
XP000971586 

96th Annual Meeting of the American 
Gastroenterological Association and the 
Digestive Disease Week; San Francisco, 
California, USA; May 19-22, 1996 
ISSN: 0016-5085 
the whole document 
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Further documents are listed in the continuation of box G. 



□ 



Patent family members are listed in annex. 



" Spedai categories of cited documents : 

'A* document defining the general state of the art which is not 
considered to be of paitrcuiar relevance 

'E' earner document but published on or after the international 
filing date 

'L* document which may throw doubts on priority claim(s) or 
which is cited to establish the publication dale of another 
citation or other special reason (as specified) 

•Q" document referring to an oral disclosure, use, exhibition or 
other means 

"P* document published prior to the international filing date tHJt 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

*X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

•Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&■ document member of the same patent family 



Date of the actual completion of the international seeu^ch 



21 December 2000 



Date of mailing of the intematkmal search report 



09/01/2001 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV RliswijK 
Tel (+31-70)340-2040. Tx. 31 651 eponl. 
Fax: (+31-70) 340-3016 



Authorized offk:er 



Orviz Diaz, P 



Fotm PCT/ISA/aiO (second sheet) (Juiy 1892) 
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INTERNATIO; 




SEARCH REPORT 



Intern 



iplication No 



PCT/I 



10/02062 



C.(Continuation) £)OCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication.wliere appropriate, of tt)e relevant passages 



Relevant to claim No. 



SASATOMI KURUMI ET AL: "Abnormal 
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X,Y 



X.Y 



X,Y 



accumulation of endotoxin in biliary 

epithelial cells in primary biliary 

cirrhosis and primary sclerosing 

cholangitis." 

JOURNAL OF HEPATOLOGY, 

vol. 29, no. 3, 1998, pages 409-416, 

XP000971565 

ISSN: 0168-8278 

page 415, right-hand column 

abstract 

SASATOMI K ET AL: "Effects of 1-23 

ursodeoxycholic acid on intrahepatic 

localization of endotoxin In patients with 

primary biliary cirrhosis." 

JOURNAL OF ENDOTOXIN RESEARCH, 

vol. 3, no. SUPPL. 1, 1996, page 25 

XP000971569 

Fourth International Endotoxin Society 
Conference ;Nagoya, Japan; October 22-25, 
1996 

ISSN: 0968-0519 
the whole document 

POO JORGE L ET AL: "Effects of 1-23 
ursodeoxycholic acid on hemodynamic and 
renal function abnormalities Induced by 
obstructive Jaundice In rats." 
RENAL FAILURE, 

vol. 17, no. 1, 1995, pages 13-20, 
XP000971578 
ISSN: 0886-022X 
the whole document 

GREVE J W ET AL: "BILE ACIDS INHIBIT 1-23 

ENDOTOXIN-INDUCED RELEASE OF TUMOR 

NECROSIS FACTOR BY MONOCYTES AN IN-VITRO 

STUDY" 

HEPATOLOGY, 

vol. 10, no. 4, 1989, pages 454-458, 
XP000971557 
ISSN: 0270-9139 
the whole document 

ANKER STEFAN D ET AL: "Elevated soluble 1-23 

CD14 receptors and altered cytokines in 

chronic heart failure." 

AMERICAN JOURNAL OF CARDIOLOGY, 

vol. 79, no. 10, 1997, pages 1426-1430, 

XP000971579 

ISSN: 0002-9149 

the whole document 
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C.(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 



Citation of document, with indication. where appropriate, of the relevant passages 



Relevant to claim No. 



ANKER STEFAN D ET AL: "Soluble CD14 
receptors and cytokines in chronic heart 
failure: Immune activation due to 
endotoxin?" 

EUROPEAN HEART JOURNAL, 

vol. 18, no. ABSTR. SUPPL., 1997, page 297 

XP000971584 

XlXth Congress of the European Society of 
Cardiology together with the 32nd Annual 
General Meeting of the Association of 
European Paediatric 

Cardiologists; Stockholm, Sweden; August 
24-28, 1997 
ISSN: 0195-668X 
the whole document 

EGERER KARL R ET AL: "Soluble CD14 
receptors are increased in cachectic 
chronic heart failure suggesting a role 
for endotoxin." 
CIRCULATION, 

vol. 94, no. 8 SUPPL., 1996, pages 

I672-I673, XP000971568 

69th Scientific Sessions of the American 

Heart Association; New Orleans, Louisiana, 

USA; November 10-13, 1996 

ISSN: 0009-7322 

the whole document 

SAKISAKA S ET AL: "Biliary secretion of 
endotoxin and pathogenesis of primary 
biliary cirrhosis." 
YALE JOURNAL OF BIOLOGY AND MEDICINE, 
vol. 70, no, 4, July 1997 (1997-07), pages 
403-408, XP000971577 
ISSN: 0044-0086 
the whole document 
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international Application NO. PCT£P 00 j02062 



FURTHER INFORMATION CONTINUED FROM PCT/ISAA 210 



Continuation of Box 1.2 



The expression "compound that is able to reduce the production, 
absorption and/or the effect of of an endotoxin" encompasses an extremely 
large number of possible compounds that might have this mechanism of 
action, redering a complete search impossible. The search had to be 
limited to the general mechanism and to the use of bile acids, which are 
explicitly used in the examples. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This 1s 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 




INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) / Cj 



Applicant's or agent* s file reference 
PCT/MDC-Anker II 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Fomr) PCT/IPEA/416) 


International application No. 


International filing date (day/month/year) 


Priority date (day/month/year) 


PCT/EPOO/02062 


09/03/2000 


09/03/1999 


International Patent Classification (IPC) or national classification and IPC 
A61K31/00 


Applicant 






MAX-DELBRUCK-CENTRUM FUR MOLEKULARE MEDIZIN et al 





1 . This international preliminary examination report has been prepared by this Intemational Preliminary Examining Authority 
and Is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 8 sheets, including this cover sheet. 

IS This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 8 sheets. 



3. This report contains Indications relating to the following items: 



II 


□ 


III 




IV 


□ 


V 


El 


VI 


□ 


VII 


□ 


VIII 





Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



Date of submission of the demand 



26/09/2000 



Date of completion of this report 



12.06.2001 



Name and mailing address of the intemational 
preliminary examining authority: 
European Patent Office 

D-80298 Munich 
Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Authorized officer 
Bochelen, D 

Telephone No. +49 89 2399 8150 



Fomn PCT/I PEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/E POO/02062 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70, 17)): 
Description, pages: 



1 -5,7-9 as originally filed 

6 as received on 31/03/2001 with letter of 26/03/2001 
Claims, No.: 

1-6 as originally filed 

7-21 as received on 31/03/2001 with letter of 26/03/2001 
Drawings, sheets: 

1/5-5/5 as received on 31/03/2001 with letter of 26/03/2001 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise Indicated under this item. 

These elements were available or furnished to this Authority In the following language: , which is: 

n the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed In the intemational application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form Is identical to the written sequence 
listing has been fumished. 
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4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



International application No. PCT/E POO/02062 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report,) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire intemational application. 

B claims Nos. 1-21 with regard to industrial applicability; 1-22 (partly), 23: novelty, inventive step, 
because: 

H the said international application, or the said claims Nos. 1-21 relate to the following subject matter which 
does not require an Intemational preliminary examination (specify^: 
see separate sheet 

IS the description, claims or drawings {indicate particular elements belov\^ or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specityi: 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately'supported by the description that no meaningful opinion 
could be formed. 

no intemational search report has been established for the said claims Nos. 1-21 (partly). 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written fomri has not been furnished or does not comply with the standard. 

□ the computer readable fomi has not been furnished or does not comply with the standard. 

V. Reasoned statement und r ArticI 35(2) with regard to novelty, inventiv step or industrial applicability; 
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International application No. PCT/E POO/02062 



citati ns and explanati ns supp rting such statement 



1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



see separate sheet 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



see separate sheet 



Industrial applicability (lA) 



Yes: 
No: 



Claims 
Claims 



see separate sheet 



2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following obsen/ations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

1. The applicant is informed that the opinion regarding novelty, inventive step and 
industrial applicability will only be formulated with respect of subject-matter which is 
covered by the search report, i.e. the general mechanism and bile acids (Rule 
66(1 )(e) PCT). 

2. Claims 1-21 relate to subject-matter considered by this Authority to be covered by 
the provisions of Rule 67.1 (iv) PCT. Consequently, no opinion will be formulated with 
respect to the industrial applicability of the subject-matter of these claims (Article 
34(4)(a)(i) PCT). 

Re item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

3. Reference is made to the following documents: 

D1: SASATOMI K ET AL: 'Effects of ursodeoxycholic acid on intrahepatic 
localization of endotoxin in bile duct-ligated rats and patients with primary biliary 
cirrhosis.* GASTROENTEROLOGY, vol. 110, no. 4 SUPPL., 1996, page A1312 
XP000971586 96th Annual Meeting of the American Gastroenterological 
Association and the Digestive Disease Week;San Francisco, California, USA; 
May 19-22, 1996 ISSN: 0016-5085 

D2: SASATOMI KURUMI ET AL: 'Abnormal accumulation of endotoxin in biliary 
epithelial cells in primary biliary cirrhosis and primary sclerosing cholangitis.' 
JOURNAL OF HEPATOLOGY, vol. 29, no. 3, 1998, pages 409-416, 
XP000971565 ISSN: 0168-8278 

D3: SASATOMI K ET AL: 'Effects of ursodeoxycholic acid on intrahepatic 
localization of endotoxin in patients with primary biliary cirrhosis.' JOURNAL OF 
ENDOTOXIN RESEARCH, vol. 3, no. SUPPL 1, 1996, page 25 XP000971569 
Fourth International Endotoxin Society Conference; Nagoya, Japan; October 22- 
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25, 1996 ISSN: 0968-0519 

D4: POO JORGE L ET AL: 'Effects of ursodeoxycholic acid on hemodynamic and 
renal function abnormalities induced by obstructive jaundice in rats.' RENAL 
FAILURE, vol. 17, no. 1, 1995, pages 13-20, XP000971578 ISSN: 0886-022X 

D5: GREVE J W ET AL: 'BILE ACIDS INHIBIT ENDOTOXIN-INDUCED RELEASE 
OF TUMOR NECROSIS FACTOR BY MONOCYTES AN IN- VITRO STUDY' 
HEPATOLOGY, vol. 10. no. 4, 1989, pages 454-458, XP000971557 ISSN: 
0270-9139 

D6: ANKER STEFAN D ET AL: 'Elevated soluble CD14 receptors and altered 
cytokines In chronic heart failure.' AMERICAN JOURNAL OF CARDIOLOGY, 
vol. 79, no. 10, 1997, pages 1426-1430, XP000971579 ISSN: 0002-9149 

D7: ANKER STEFAN D ET AL: 'Soluble CD14 receptors and cytokines In chronic 
heart failure: Immune activation due to endotoxin?' EUROPEAN HEART 
JOURNAL, vol. 18, no. ABSTR. SUPPL, 1997, page 297 XP000971584 XlXth 
Congress of the European Society of Cardiology together with the 32nd Annual 
General Meeting of the Association of European Paediatric 
Cardiologists;Stockholm, Sweden; August 24-28, 1997 ISSN: 0195-668X 

D8: EGERER KARL R ET AL: 'Soluble CD14 receptors are increased in cachectic 
chronic heart failure suggesting a role for endotoxin.' CIRCULATION, vol. 94, 
no. 8 SUPPL., 1996, pages 1672-1673, XP000971568 69th Scientific Sessions 
of the American Heart Association; New Orleans, Louisiana, USA; November 
10-13, 1996 ISSN: 0009-7322 

4. The opinion with respect to novelty and inventive is established for the compounds 
for which a search report has been established, i.e bile acids (see point 1 above). 

5. Novelty (Art. 33 (1 ) and (2) POT): 

5.1 The subject-matter of claims 1-2, with the limitation set forth in point 5, appears to 
be new. The prior art does not disclose the use of bile acids, neither for the treatment 
of cachexia or weight loss (claim 1) nor for reducing immune activation in cachexia 
(claim 2). The dependent claims 3-21 as well fulfill the requirements of Art. 33 (2) 
PCT. 

5.2 Documents D1 -D5 disclose the beneficial effect of the bile acid UDCA on the hepatic 
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endotoxin metabolism in cirrhosis. These documents do not mention the treatment 
of cachexia or reduction of immune activation in cachexia with bile acids and are 
thus not relevant for the novelty of the present application. 

6. Inventive step (Art. 33 (1) and (3) POT): 

Document D2, which is considered to represent the most relevant state of the art, 
discloses that the bile acid UDCA has a beneficial effect on the hepatic endotoxin 
metabolism in cirrhosis (D2: abstract) from which the subject-matter of claim 1 and 
2 differs in that bile acids are used for the treatment of cachexia or to reduce immune 
activation in cachexia. The prior art discloses that UDCA has beneficial effects on 
endotoxin metabolism in liver diseases (see D1-D5) and shows a parallel between 
cachexia and immune activation in chronic heart failure (see D6- D8). There is no 
indication in the prior art that would prompt a skilled man to consider the use of bile 
acids for the treatment of cachexia. Therefore, it is considered that the subject-matter 
of claims 1 and 2 involves an inventive step. The dependent claims 3-21 fulfill the 
requirements of Art. 33 (3) PCT. 

7. Industrial applicability (Art. 33 (1) and (4) PCT): 

For the assessment of the present claims 1-21 on the question whether they are 
industrially applicable, no unified criteria exist in the PCT Contracting States. The 
patentability can also be dependent upon the formulation of the claims. The EPO, for 
example, does not recognize as industrially applicable the subject-matter of claims 
to the use of a compound in medical treatment, but may allow, however, claims to a 
known compound for first use in medical treatment and the use of such a compound 
for the manufacture of a medicament for a new medical treatment. 

Re Item VIII 

Certain observations on the international application 

8. Further to the limitation of the examination to the examples, it should be noted that 
the substances that fall within the scope of claims 1-2 are not clearly defined, since 
no pharmacological criteria is indicated for the selection of potential active 
compounds, thus rendering the scope of claims 1-2 obscure. Moreover, the definition 
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encompasses a large number of compounds and the disclosure is not sufficiently 
precise for the person skilled in the art to reduce the technical features to practice 
without undue burden. Therefore, claims 1-2 do not meet the requirement of Article 
6PCT. 

9. Claims 17-18 do not meet the requirements of Article 6 PCT in that the matter for 
which protection is sought is not clearly defined. The compounds that are subject- 
matter of said claims are defined by the result to be achieved, "..inhibit the response 
by a cell to endotoxin.." (claim 17), "..decrease the cytokine production.." (claim 18), 
which merely amounts to a statement of the underlying problem. The technical 
features necessary for achieving this result are not recited in said claims. 
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It. is important to note that it has never been proposed that ursodeoxycholic acid (UDCA) 
should be given in patients with weight loss, i.e. cachexia, in patients with liver disease. It 
has never been proposed that ursodeoxycholic acid (UDCA) could prevent or reverse weight 
loss, i.e. cachexia, in patients with liver disease. Additionally, it has never been proposed that 
ursodeoxycholic acid (UDCA) could prevent or reverse weight loss, i.e. cachexia, in patients 
with chronic obstructive pulmonary disease, chronic renal failure, diabetes, rheimiatoid 
arthritis. 

The invention will now be described by reference to the following additional examples and 
figures. 

Example 1: 

We have tested the ability of ursodeoxycholic acid (UDCA, FALK Pharma GmbH) and BPi 
to inhibit LPS-mediated TNF production in whole blood of patients with cachexia. 
We studied 4 patients with cachexia due to liver cirrhosis. The patients had all weight loss 
>7.5% compared to their previous normal weight. In 3 of the 4 patients had a alcoholic 
aetiology. All patients were studied twice on 2 subsequent days (day "-1" and day "0"), see 
Figure 1 to 4. 

Methods: Heparinized whole blood was diluted 1:10 with medium +/- LPS (50 pg/ml), +/- 
BPI (1 ng/ml), and +/- UDCA (1 jig/ml - 1 mg/ml) according to the manufactorer's 
recommendation (Milenia whole blood assay ; DPC Biermann, Bad Nauheim, Germany) and 
incubated for 4 hours at 3TC. In the supernatant, we assessed concentrations of TNF and IL- 
6 using the semiautomated Inrmiulite system (DPC-Biermann, Bad Nauheim, Germany). 
Results: In patients with cachexia due to liver cirrhosis spontaneous ("Control" data) and 
LPS-stimulated production of TNF and IL6 is significantly elevated compared to that of 
healthy subjects, see Figure 5. LPS-stimulated cytokine production was inhibited by UDCA 
independently of the effects of the ethanol solution. The detailed results are presented in 
Figure 1 to 4. 1 mg/ml UDCA reduced LPS-stimulated TNF production on average by >99% 
and IL6 production by 97% (ethanol 1% alone on average only by 38% for TNF and 43% for 
IL6). 100 Rg/ml UDCA reduced LPS-stimulated TNF and IL6 production by 42% and 13%, 
respectively, ethanol 0.1% alone on average only 9% for TNF and IL6 production increased 
by 18% for ethanol alone). 
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8-. A method according to claim 1 to 4 wherein the compound is bactericidal/permeability 
increasing protein (BPI). 

9. A method according to claim 1 to 4 wherein the compound is, a lipoprotein, for instance, 
low densitiy lipoprotein (LDL), high density lipoprotein (HDL), very low density lipoprotein 
(VLDL), apolipoprotein (a), a lipoprotein mixture, 

10. A method according to claim 1 to 4 wherem the treatment is a combination of a 
compound according claim 7 and claim 9. 

11. A method according to claim 1 to 4 wherein the compound is or an antibody capable of 
binding to endotoxin (lipopolysaccharide; LPS). 

12. A method according to claim 1 to 4 wherein the compound is an antibody able to bind to 
the CD14 receptor. 

13. A method according to claim 1 to 4 wherein the compound is a soluble CD 14 receptor. 

14. A method according to claim 1 to 4 wherein the compound is a drug blocking effectively 
signaling through toll-like receptors, for instance toll-like receptor 4 and toll-like receptor 2. 

15. A method according to claim 1 to 4 wherein the compound is colostrum of human, 
bovine, or other mamallian origin. 

16. A method according to claim 1 to 4 wherein the compound is able to inhibit the response 
by a cell to endotoxin (lipopolysaccharide; LPS). 

17. A method according to claim 1 to 4, and 16 wherein the compound is able to decrease the 
cytokine production by a cell in response to endotoxin (lipopolysaccharide; LPS). 

19. A method according to claim 1, 2 and 16, and 17 wherein the compound is a compound 
named in claim 5 to 16.. A method according to any one of the preceding claims wherein the 
compound is administered orally. 

20. A method according to any one of the preceding claims wherein the compound is 
administered intravenously. 

21. A method according to any one of the preceding claims wherein the compound is 
administered rectally. 
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7. A method according to claim I to 4 wherein the compound is LPS binding protein. 

8. A method according to claim 1 to 4 wherein the compound is bactericidal/permeability 
increasing protein (BPI). 

9. A method according to claim 1 to 4 wherein the compound is, a lipoprotein, for instance, 
5 low densitiy lipoprotein (LDL), high density lipoprotein (HDL), very low density lipoprotein 

(VLDL), apolipoprotein (a), a lipoprotein mixture, 

10. A method according to claim 1 to 4 wherein the treatment is a combination of a 
compound according claim 7 and claim 9. 

11. A method according to claim 1 to 4 wherein the compound is^an antibody capable of 
10 binding to endotoxin (lipopolysaccharide; LPS). 

* 12. A method according to claim 1 to 4 wheroin tho compound ic - OF an antibody capable of 
binding to endotoxin (lipopolys a ccharide; LPS) , 

yfZ^)^A method according to claim 1 to 4 wherein the compound is an antibody able to bind to 
the CD 1 4 receptor, 

15 /{B^ A method according to claim 1 to 4 wherein the compound is a soluble CD 14 receptor. 

/jLf^ \§r^ A method according to claim 1 to 4 wherein the compound is a drug blocking effectively 
signaling through toll-like receptors, for instance toU-hke receptor 4 and toll-like receptor 2. 

/f^ \61A method according to claim 1 to 4 wherein the compound is colostrum of human, 
bovine, or other mamallian origin. 

20 A method according to claim 1 to 4 wherein the compound is able to inhibit the response 
by a cell to endotoxin (lipopolysaccharide; LPS). 

Aj,]^' A method according to claim 1 to 4, and >^ wherein the compound is able to decrease the 
cytokine production by a cell in response to endotoxin (lipopolysaccharide; LPS). 

A method according to claim 1, 2 and Vf^ and )Z wherein the compound is a compound 
2S named in claim 5 to 
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A Mthod for astayin^ a Mdium tor tho proaenca ot a 
aubatanca that affacta an SH2«phoaphorylatad ligand 
ragulatory ayr^M« Th« Mthod afliploya an SH2-llka domain 
or a aubdonain tharaof and a phoaphorylatad liqand. Tha 
phoaphophorylatad llgand la capabla of Lntaractlng with 
tha 8H2*lika dOMln or a aubdoaialn tharaof to for* an 8H2* 
phoaphorylatad Zigtimt eowplox* Tha aH2-lika doMin or 
tfubdo«iia in and/or tha phoaphorylatad ligand ara praaont In 
a known concantratlon. Tha SH2*llka doawln or a aubdoMln 
tharaof and tha phoaphorylatad ligand aro incubatad vlth 
a aubatanca vhlch la auapactad of aff acting an SH2- 
phoaphor/latad ligand ragulatory ayataai. Tha Mthod la 
carriad out undar conditiona which poraiit tha forMtlon of 
tha SH2«phoaphorylatad ligand complax. SH2*phoaphorylatad 
ligand complax, frao 8H2*lika doMin or aubdoMina 
tharaof, or non-conplaxod phoaphorylatad ligand ara 
MBaymd. Tho invantion alao ralataa to an iaolatad 8H2« 
phoaphorylatad ligand complax i a Mthod of uaing an 
iaolatod SH2«lika domain or a aubdomain tharaof to acrMn 
for phoaphorylatad Uganda which ara activa in an SH2^ 
phoaphorylatad ligand ragulatory ayatamy a Mthod of uaing 
an iaolatad 8K2-lika doMin or a aubdomain tharaof to 
ragulata tho intaraetion of a aignalling protain with a 
ralatad phoaphorylatad ligandr and a pharmaeautical 
coapoaition compriaini an iaolatad 8H2«lika domain or a 
aubdOMin tharaof for uaa at An agoniat or antagoniat of 
tha intmraction of a aignalling protain with a ralatad 
phoaphorylatad ligand. 
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RBftP riU No. 3153-048 

Tltla t Method (or Aasaylnq (or a Subatanco that A( facta 
an SH2*Phoaphorylated Li^and Regulatory Systea 

riBLP or TW IMYWCCIOH 
5 The Invention rolatea to a method (or aaaaying 

a medium (or the prefence o( a aubatance that a((ecta an 
SH2«phoaphorylated Xlgand regulatory ayatemi an iaolated 
SH3«phoaphorylated ligand complexi a method o( uaing an 
iaolated SH2*llke domain or a aubdomain thereof to acreen 

10 for phoaphorylated ligandat a mathod of uaing an iaolated 
SH2-lilr'* domain or a aubdomain thereof to regulate the 
interaction of a aignalling protein with a related 
phoaphorylated ligandi and a pharmAceutieai compoaition 
cdmpriaing an iaolated SH3*like domain or a aubdomain 

IS thereof. 

MCKBROPlfP Qf THB IBYBlinOH 

h common mechaniam by which growth factora 
regulate cellular proliferation and differentiation ia 
through tranamembrane receptora with inducible protein- 

20 tyroaine kinaae activity (Ullrich and Schleaainger, Cell 
61, 203 (1990)1 Pawaon and Bernatein, Trenda Gen. €, 350 
(1990)). Indeed the mitogenic effecta of growth factora 
auch aa epidermal growth factor (EGF) or platelet*darived 
growth factor (PDGF) abaolutely require the tyroaine 

25 kinaae activity of their receptora (Chen et al.. Nature 
328 1 820 (1987)1 Honneger, Nol. Cell. Biol. 1, 4568 
(1987)1 Nilliama* Science 243, 1564 (1989)). Growth 
factora induce receptora to e^uaterf which ia followed by 
intermolecular tyroaine phoaphorylation of the 

30 oligomeriaed receptora (Yarden and Schleaainger# 
Bioehemiatry 26, 1434 (1987)| Bdni-Schnetaler and Pileh, 
Proe. Natl. Acad. Sci. U.S.A. 84, 7832 (1987) i Heldin et 
al., J. Biol. Cham. 264, 8905 (1989)). Autophorphorylation 
of the PDGF receptor (PDGFII) ia important both for ita 
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•ub«equ«nt interactions with substrates and for the 
induction of ONA synthesis (Kaslauskas and Cooper, Cell 
S8, 1121 (1969)1 Coughlin et al.. Science 243, 1191 
(1989)1 Kaslauskas et al.. Science 247, 1S78 (1990)). 
S A second group of tyrosine kinases, for vhich 

Src, Fps, and Abl are the prototypes, are entirely 
intracellular (Pawton, Oncogene 3, 491 (1988))* In the 
case of the Src-like tyrosine kinase Lck, which is 
specifically expressed in T cells, the NH^^terainal region 

:0 of the kinase associates with the short cytoplasmic talis 
of the cell adhesion eolecules C04 and CDS (Veillette et 
al.. Cell 5S, 301 (1988)| Rudd et al.« Proc« Natl. Acad. 
9ci« U.S.A. 85, 5190 (1988)1 Shaw et al.« Cell 59, 627 
(1989)). In addition, Src and the related kinaaes Pyn and 

IS Yes physically associate with, and are phosphorylated by, 
the 0*PDGFR (Kypta et al.. Cell 62, 481 (1990)). POGP 
atimulatiofi is : associated with a three- to five-fold 
increase in Src kinaae activity, which nay serve to 
amplify the tyrosine kinase signal (Rypta et al.. Cell 62, 

20 481 (1990)1 Ralston and Bishop, Proe. Natl. Acad. Sei. 
U.S.A. 82, 7845 (1985)1 Gould and Hunter, Mol. Cell. 
Biol. 8, 3345 (1988)). Hence, the Src«like kinases also 
appear to participate in signal transduction. 

Many structural alterations have been documented 

28 for both receptor*like and cytoplasmic tyrosine kinases, 
which induce constitutive tyrosine kinase activity and 
aimt«ltaneoualy activate oncogenic potential (Ullrich and 
Schlessinger, Cell 61, 203 (1990)| Pawson and Bornstein, 
Trends Gmn. 6, 350 (1990)| Hunter and Cooper, Annu. Rev. 

30 Bloehem. 54, 897 (1965)). The biological activities of 
tranaforming tyrosine kinaaes, like their normal 
counterparts, are generally dependent on their kinase 
activity. 

After stimulation with POGP or E6P several 
35 proteins become physically associated with, and 
phosphorylated by, the activated POGPR or BGP receptor 
(BGPR). A number of these i^eceptor-binding proteins have 
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been identLfl«d, Includinq pho8phclnoaltide*«pttcieic 
phosphollpaH C(PLC)-Yl (MArgolU alt Cell S7 UOl 
(1989)f Mola«nheld0r et al., ibld.« p« 1109), p2r**GTPaae- 
activating protein (GAP) (Katlauakaa at al.« Science 247, 
S 1576 (1990n Kaplan et al., ibid. 61, 121 (1990)|, 
phosphatidyl inositol (Pt) J'-kinase CPI3X) (Raslauskas and 
Cooper, Cell SB, 1121 (1989}| Coughlin et al.. Science 
243, 1191 (1989)), Src and Src*like tyrosine kinases 
(Kypta et al.. Cell 62, 481 (1990)), and Raf (Morrison et 

10 al., ibid. 58, 649 (1989); Horrison et al., Proc. Natl. 
Acad. Sci. U.S.A. 8S, 88S5 (1988)). These associated 
proteins are likely targets of receptor activity. 

PLC-yl is one of several PLC iso forms that 
cieaves the phospholipid phosphatidyl inositol 4,S* 

IS bisphosphate (PIPj) to the second Messengers diacygiycerol 
and inositol triphosphate, which in turn stianalate protein 
kinase C and raise intracellular calcium (Rhee et al.. 
Science 244, S46 (1989)). POGP stiaulates PI turnover in 
cells where PLC-yl is the principal PLC isofom (Hargolis 

20 et al.. Cell 57, UOl (1989)| Meisenhelder et al., ibid., 
p. 1109), and overexpression of PLC-yl enhances the 
accumulation of inositol phosphates in response to POGP 
(Hargolifl et al., ibid. 248, 607 (1990)). Thus, PLC-y nay 
couple PDGP stimulation to the breakdown of PXP|. 

2S PX3K phosphorylates the inositol ring of PX in 

the D«3 position (Whitman et al. Nature 332, 644 (1988)). 
PZ3K activity is aaaociated with a variety of activated 
tyrosine kinases and eorrelatea with the presence of a 
tyrosine phosphorylated 8S«kilodalton (kO) protein (p85) 

30 (Kaplan et al.. Cell SO, 1021 (1987)| Courtneidge and 
Heber, ibid., p. 103i| Pukui and Hanafusa, Mol. Cell. 
Biol. 9, 1651 (1989)). Purified PX3K is a heterodimeric 
complex that contains p85 end a 110-Kd protein (pllO) 
(Carpenter et al., J. Biol. Chem. 265, 19704 (1990)). The 

35 purified p85 aubunit haa no detectable PX3K activity, but 
binds tightly to ac titrated POQPR or BQPR in vitro. POOP 
stimulation inducea accumulation of PX-3,4«P| and 
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PX-3«4,S«P|f conlini>Lng that PX3K in raqulated by tyroalntt 
kinaMfl in vivo (Augar at ibid. S7» 167 (1989)). 

GAP itimulatea the ability o£ p2V^* (Raa) to 
hydrolyia GTP to GDP (guanoaina diphosphate) (B. Kargoiia 
S at ai., ibid* 24S, €07 (1990)) and thareby acta aa a 
nagativa raquiator by ratiirning Raa fron tha activa OTP* 
bound atata to tha inactive DGP*bound conforMtion. GAP 
intaracta with tha praaumad aCf actor r(>qion of p2i'** (Adari 
at al., (1988) Science 240, 518*S2l| Galea, (1988) Nature 

10 (London) 332, S48*SS1) auggaating that it might alao be 
the Raa target or eight iMdity the aaaociatlon oC p2r** 
with ita target « 

RaC ia a protein*aerine/threonine klnaae that 
eoeplaxea with the POGPR after POGP atieulation, although 

IS it la unclear whether thla la a direct Interaction 
(Morrlaon et al.. Ibid. 58, 849 (1989)i Morrlaon at al.« 
Proc. Natl. Acad. Scl. U.S.A. 85, 6855 (1988)). In 
addition to theae protelna, aeveral unidentified 
polypeptldea bind to activated POGFR (Kaalaualcaa and 

20 Cooper, Cell 58, 1121 (1989)| Coughlln et al.. Science 
243, 1191 (1989)1 Kaalauakaa and Cooper, BMBO J« 9, 3279 
(1990)). 

The protelna that aaaoclate with activated 
growth factor receptora have quite diatlnct entymatlc 

25 propertiea and are atructurally unrelated within their 
catalytic donalna. However, with the exception of Raf 
they ahare conaerved noncatalytle domalna tamed Src 
hoaology (SH) reglona 2 and 3 (aee Figure 1 where 3 
repreaenta SH-3 donalni Raa GA the Raa GTPaae activating 

30 region of Gk?$ PLC the catalytic aaquenrea of PLC*y^I Q^Qi 
retroviral coat protein aequencei CYS, cyatelne rich 
domain of Vavi LBU, leuclne-rleh region of Vav). The 8H2 
domain la a aeguence of **100 amino aclda, originally 
identified In the vppa and vSrc cytoplaamlc tyroaine 

35 Iclnanaa by virtue of Ita effecta on both catalytic 
activity and aubacrate phoaphorylatlon (T. Pawaon, 
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Oncogene 3« 491 ( 1988) ar.d I. Sadowski mt Mol. Coll. 

Biol. 6, 4396 <1986)). 

An SH2 a«quenc6 hat also be«n Identified in the 
v«Crk oncoprotein* which complexes with several tyrosine 
S phosphorylated proteins in erk«trensConMid ceils (Mayer et 
al.« Nature 332 « 272 (1988|i Mayer and HanaCusa, Proc. 
Nati« Acad. Sci. U.S.A. 87, 2636 (1990)). Most SH2- 
containing proteins aisc contain a siotiC, SK3, which is 
found independentlv in several eytoskeietal proteins and 
10 way mediate interactions with the cytoskeleton (Pavson, 
Oncogene 3, 491 (1988)1 Mayer et ai.. Nature 332, 272 
(1988)1 Mayer and HanafusSi Proc* Natl. Acad. Sci. U.S.A. 
87, 2(38 (1990)1 Rodaway et al., Nature 342, (24 (1989)| 
Orubin etal.. Nature 343, 288 (1990)). 

IS gUKilAnT OP THK IUVKIfTlbW 

.The present inventors have detemined by direct 
evidence that SH2 domains can mediate the interactions of 
diverse signalling proteins including cytoplasmic protein 
tyrosine ^kinases, p2r*^ GTPaae-activating protein (GAP), 

20 phospholipese Cy^and the V^Crk oncoprotein, with a related 
set of phosphotyrosine Uganda, including the epidermal 
growth factor (CGF) receptor. In particular, the present 
inventors found that in Src- trans formed cells GAP forms 
heteromeric complexes, notably with a highly tyrosine 

2S phosphorylated (2-kDa protein (p(2). The stable 
association between GAP and p(2 can be specifically 
reconstituted in vitro by uping a bacterial polypeptide 
containing only the N-terminal GAP SH2 domain. The 
efficient phosphorylation of p(2 by the v-Src or v-Pps 

30 tyrosine kinases depends, in turn, on their 8H2 domains 
and correlates with their transforming activity. In 
lysatea of EGP-stimulaued cells, the N-teminal GAP SH2 
domain binds to both the BGF receptor and p(2« Fusion 
proteine containing GAP or v«Crk 8H2 domains complex with 

3S similar phosphotyrosine proteins froii sce-trans formed or 
BGF*stimulated cells but with different efficiencies. 8H2 
sequences, therefora, form autonomous domaina that direct 
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Signalling proteint« luch as GAP. to bind tpeciCic 
pho«photyroaina*cont*.lhing polypeptid^a. By pronoting th« 
forviation of theao complexea, SH2 domains ara idaally 
•uitad to raguiata tha activation of intracailular 
5 signalling pathways by growth factors. 

Tha invantors hava siost important ly found that 
tha SH2 domains of cytoplasaic signalling protaina such aa 
PLCy^f Src and Crk ara sufficiant for in vitro 

binding to activatad growth factor racaptors. In 

10 particular^ tha invantors found that tha SH2 domains of 
PLCyl synthasitad individually in bactaria formad high 
affinity complaxas with tha apidarmal growth factor (EGP)- 
or platalat darlvad growth factor (POGr)-racaptora in call 
lysatas, and bound synargiatically to activatad racaptora 

1$ whan axprassad togathar as oha bacterial protein. In 
vitro complex fomatidn waa dependent on prior growth 
factor stimulation aiid was competed by intracellular 
PLCy^* Similar restilts were obtained for binding of GAP 
SH2 domains to the PDCr-receptor. The isolated 3H2 

20 domains of other signalling proteins « such as p60*^ and 
Crk, also bound activated POGP- receptors in vitro. 

The use of a apecialised non-catalytic domain to 
direct formation between protein kinaaes and their 
preaumptive targets is unprecedented. 

25 Tha finding that SH2 domains mediate the 

interactions of phosphorylated Uganda with aignalling 
proteins which regulate pathwaya that control gene 
expression, cell division, cytoskeletal architecture and 
cell metabolism permits the identification of substancea 

30 which affect the interactions of phosphorylated Uganda 
with signalling protaina and accordingly may be used in 
the treatment of conditions involving perturbation of 
signalling pathwaya. Por example, it may be possible to 
identify substancea witich block an SH2«eontaining 

35 oncoprotein, or SH2 signalling protein or the actiona of 
deregulated tyrosine kinases which interact with apecific 
SH2 aignalling proteins, and that may be useful in 
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preventing trans formAt Ion activity* In pnrticulur, in the 
caae of cancers where there are deregulated tvrnaine 
kinaaea, auch aa thyroid, breaat carcinoma, a tomach cancer 
end neuroblaatoma, the method of the invention eould 
5 permit the identification of aubatancea which interfere 
with the binding of SH2 aignelllng protelna and the 
deregulated tyroain^ kinaae. In the caee of eancere auch 
119 chronic myelogonoua leukemia (CNL) end eeute 
lymphocytic leukemia (ALL), an SH2-contalning oncc^protein 
10 interacta with e aignalllng protein which ia 
autophpaphorylated on serine reaulting In tranaformetion. 
The method of the preaent invention could be used to 
identify aubatancea which interfere with th« interection 
and which may be useful in the treatment oi CML and ALL. 

19 Therefore, the present invention relates to a 
method for aaaaying a medium for the presence of a 
substance that affects an SH2-phoaphoryiated ligand 
regulatory ayatem comprising providing en SH2-like domain 
or a subdomaln theraofi and a phosphorylated llg«tnd which 

20 ia cepable of interacting with said SH2-like domain or a 
aubdomain thereof to form en SH2*phoaphorylated ligand 
complex, said SH2«ilke domain or subdomein thereof end/or 
said phosphorylated ligand being present in a known 
concentration, and incubating with a substance which is 

25 suspected of effecting an SH2*phoaphoryiated ligand 
regulatory systom, under conditions which permit the 
formation of aaid SH2-phosphorylated ligand complex, and 
aaeaylng for said SH2-phoaphorylated ligand complex, free 
6H2*like domain or aubdomain thereof, or non«complexed 

30 phosphorylated ligand. 

In e preferred embodiment of the invention, a 
method ie provided for essaying e medium for the presence 
of an agonist or antagonist substance of an 8K2* 
phosphorylated ligand regulatory aystem comprising 

3S providing an SlC2-like domain or a aubdomain thereof, end 
a phosphorylated ligand which is capable of interecting 
with seid 8H2-like domain or a aubdomain thereof to form 
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«n SH2*phQcphorylat«»d 1 iqand compl«x« said SH2*lik« domain 
or aubdcimain thereof and/or said phovphorylatad ilgand 
beinq preBont in a known concentration^ and incubating 
with a suspected aronist nr Mtagonist substance^ unJer 
S conditions which permit the fonnatioh of said SH2« 
phosphoryiated ligand complex^ a«id assaying for said SH2- 
phosphoryiated ligand complex, free SH2«iike <tomaln or 
#ubdoAains thereof, or non-coeplexed phosphoryiated 
ligand. 

10 The invention also provides a iiethod for 

. screening for antagonists that inhibit, the effects of 
agonists of an SH2 -phosphoryiated l\.gand regulatory 
system. Thus, a substance that competes for the same 
binding site on the phosphoryiated ligand or on thm SH2- 

15 like domain or a subdomain thereof may be assayed. 

The invention further provides an isolated SH2« 
phosphorylsted ligand complex comprising an SH2*like 
domain or a subdomain thereof and a phospliorylated ligand 
which is cap/ible of interacting with said SH2->like domain 

20 or a subdomain thereof. 

The invention still further provides a method of 
using an isolated SH2-liVe domain or a subdomain thereof 
to screen for phosphoryiated Uganda which are active in 
an SH2«phosphorylated ligand regulatory system. 

25 The invention also rmlates to a mmthod of using 

an isolated SH2*like domain or a subdomain thereof to 
regulate the interaction of a signalling protein with a 
related phosphoryiated ligand and a phmrmaeeutical 
composition comprising an isolated SK2-like domain or a 

30 subdomain t*ierecf for use as an agonist or antagonist of 
the interaction of a signalling protein with a related 
phosphorylatmd ligand. 
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Th« invention iri II b« b«tt«r understood with 
refarenco to the drawings in whichi 

Figure 1 chovs the loeationa of SH2 dowaina of 
C aiqnaiiing proteina; 

Figure 2 ahova the amino acid aequencea of 
neverai known SK2 domaina; 

Figure 3 ahova the loeationa of SH2 and SM3 
dowaina in aignaiiing and tranafoning proteins and in 
iO Trpe fuaion proteinai 

Fi^ra 4 ahowa the imuncbiota and 
autcradiograpia of TrpC fuaion proteina that were nixed 
with iyaatea of nomai llat*2 eelia or v«arc tranaforMd 
Rat-2 eeiia; 

IS Figure S ahowa the iiviunoblota of innobiiited 

TrpC fuaion proteina that were mixed with Iyaatea of 
seruii*atarved Rat* I eel la overexpreaaing human EGFR that 
were atimulated with 0 or 80 nM CGF {A) and imnunoblota 
with anti-EGFR antibodiea of nitroeeliuloae filtera 

20 containing duplicate aamplea of thoae in A <a)i 

Figure 6 ahowa immunoblota with anti- 
phoaphotyroaine antibodiea of total cell Iyaatea # or anti* 
GAP immunoprecipitatea from Rat«2 colla expreaaing either 
wild type P130«^'*'~ (vfpa), or mutant pno*^*'** with a 

25 glu*^«>lya amino acid aubatitution in the SH2 domain <K- 
832) (A) and immunoblota with anti-phoaphotyroaine 
antibodiea of anti-GAP immunoprecipitatea « or total ceil 
Iyaatea from Rat*2 cella expreaaing wt v-arc, or the SRX5« 
SHX13 or X06 v«arc mutanta« or containing empty vector} 

30 Figure 7 ahowa the loeationa of SH7 and 8K3 

donaina in TrpE fuaion proteina; 

Figure 8 ahowa imaiunoblota of immobiliied TrpE 
fueion proteina that were mixed with Iyaatea of Rat«l 
cella overexpreaaing EGFR (A) and Iyaatea from aerum- 

35 atarved Rat*2 cella atimulated with 75nM BB-POGF(B)| 

Figure 9 ahowa immunoblota of immobilixed TrpE 
fuaion proteina that were mixed with aerum«atarved Rat«2 
celle atimulated with 75nM Ba*PDGF| and 

Figure 10 ahowa immunoblota of immobiliied TrpE 

40 fuaion proteina mixed with Rat«2 cella that overexpreaa 
PLCyl. 
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DCTAILgD DgSCmPTIQW OP THE IWVEtmOW 

As h«r«lnb«(or« Mntlonad th^ Invention ra]ata« 
to a Nhithod for aasaylng a Mdium for the presence of a 
aubetance that effects an SH2-phoaphorylatcd ligand 
S regulatory ayatem comprlalng providing an SH2-like donain 
or a aubdomain thereof « and a phosphorylated ligand which 
la capable of Interacting with aald SH2-llke domain or a 
aubdoiiain thereof to fom an SH2-phoaphorylated ligand 
eomples, aald SH2«like domain or aubdonain and/or said 

10 phosphorylated ligand being preaent in a knoim 
concentration « and incubating with a aubatance which ia 
auapected of effecting an SH2-phoaphorylated ligand 
regulatory ayaten, under conditiona which permit the 
formation of aald SH2*phoaphorylated ligand complex, and 

IS aaaaying lor aald SH2«phoaphorylated ligand complex, free 
SH2-like domain or aubdomaina thereof, or non*crmplexed 
phoaphorylated ligand. 

In a preferred embodiment a method ia provided 
for aaaaying a medium for the presence of an agoniat or 

20 antagonist aubatance of an SH2-phoaphorylated ligand 
regulatory ryatem compriaing providing an SH2-like domain 
or a aubdomain thereof, ana a phoaphorylated ligand which 
is capable of interacting with aaid SH2*l4ke domain or a 
aubdomain thereof to form an SH2*phoaphorylated ligand 

25 complex, said SK2-like domain or aubdomain and/or aaid 
phoaphorylated ligand being present in a known 
concentration, and incubating with a auapected agonist or 
antagoniat aubatance, under conditiona which permit the 
formation of said SH2«phoaphorylated ligand complex, and 

30 aaaaying for aaid 8K2«phosphorylated ligand complex, free 
8H2-like domain or aubdomaina thereof, or non-cemplexed 
phoaphorylated ligand. 

The invention further providea an isolated SH2- 
phoaphorylatmd ligand complex compriaing an SH2*like 

35 domain or a aubdomain thereof and a phoaphorylated ligand 
which ia capable cf intmracting with aaid SH2-like domain 
or a aubdomain thereof* 



BAD ORIGINAL 



2054602 



- II - 

The Invontion still furttier provides a Mthod of 
using an isoiated SK2*like domain or a aubdomain thareof 
to aeraon for phoaphon'latad Uganda which aro activa in 
an SH2*«phoaphorylated ligand ragulatory ayatam« 
S The invention also relates to a method of uaing 

an isolated SH^-like domain or a aubdomain thereof to 
regulate the interaction of a aignalling protein with a 
related photiphorylated ligand and a phrmac^utical 
compoaition comprising an iaolated SH2*like domain or a 

10 aubdomain thereof for uae aa an agonist or antagoniat of 
the interaction of a signalling protein with a related 
phoaphorylated ligand. 

The term *SK2*like domain or a aubdomain 
thereof* refera to a sequence which ia substantially 

IS homologous to a Src homology region 2 (BH2 region), or a 
aubdomain of an SH region preferably a conaerved region of 
an SH region. The Src homology region ia a noncatalytic 
domain of *100 amino acida which waa originally 
identified in the Vfpa and vsrc cytoplasmic tyrosine 

20 kinases by virtue of its effects on both catalytic 
activity and aubstrate phosphorylation (T. Pawaon^ 
Oncogene 3i 491 (1988) and X. Sadowski at al.« ttol. Cell. 
Biol. 6« 4396 (1986)). An SH2 aequence haa alao been 
identified in the v-Crk oncoprotein* which complexea with 

25 aeveral tyrosine phoaphorylated proteins in crk- 
tranaformed cells (Mayer et al.* Nature 332, 272 (I988)| 
Mayer and Hanafu^a, Proc. Natl. Acad. Sci. U.S.A. 67, 2638 
(1990))* 

The sequences of several known 8H2 domaina are 
30 aligned in Figure 2. In Figure 2^ residues that are 
conserved within at least three subfamilies of 8H2 domains 
are capitalised and ahaded. Residues that are conserved 
within one or two groups are capitalised. Reaiduea that 
are poorly or not at all conaerved are in l6wereas«« 
35 Invariant residues aro indicated by aateriaka. Conaerved 
baaic amino acida that might participate in interact xona 
with phosphotyrosine are arrowed. Conserved motif a Z to 
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V ar« lnUlcat«id by flolld ilM«i whftroas the eunneetlnq 
variable raglona 1 to Iv an Indicated by brokon lin#ia. 
The autfix N Indlcatea the more NH,-tenninal SH7 dotaaln of 
PLC-Y^ GAP or p05 whereas C indlcatea the more COOH« 
S terminal domain. The 8K2 domain of tvo iaoforma of PLC-y 
(yl and y2) 4nd p8S (o a.id 0) are ahovn (Otau at al.. Cell 
6S« 91 (1991))* Sequencea were i-ll«]ned by eye. 
Abbreviations for the amino acid residuea aret A, AU; C, 
Cyai 0, Aipi t, Glut P| Phef C, Glyj Hlai I, tlei 

10 Lyai Leu; H« Het| N« Aan| Proi 0# Glni ll« Arqy 
5er| t, Thri V, Val/ W, Trpi and r, Tyr, 

Ar. Inapectlon of the aligned SH2 aequences 
reveala the presence of five vell-conaerved aequence 
motiCa (designated I to V in Figure 2) « which are 

IS aeparated by more variable aequence elesienta (1 to iv). 
The variabl«t regions generally contain one or more glycine* 
or proline reaidues^ suggesting that they iorm turnf or 
hinges that connect the conserved subdosuiins. 

The identification of SH2-1 ike domains may be 

20 accomplishod by screening a cDNA expreaaion library with 
a phosphorylated ligand with high affinity to 5*12 domains 
(e.g. tho autophoaphorylated COOH*terminal tail to the 
CGfR) to Isolate cDHAa for SH2 proteins. One could uae 
PCR (Vilica, A. P., Proc. Natl. Acad. Scl. U.'i.A. vol. 8ei« 

2S pp. 1603-1(07, Kerch 1989) or low string'incy screening 
(Hanks, 5. X.^ Proc. Natl. 4eed. Sei. U.S.%. vol. 84, pp 
388-392, January 1987) with SH2 specific probe. 

The term 'phosphorylated ligand* refera to a 
polypopt.lde or peptide tliat is capable of interacting with 

30 an SH2-llke domain or a subdomain thereof, and includes 
phospho tyrosine, and phosphosexi ne/phosphothreonine- 
conteinlng peptides or polypeptides. Bxamples of Uganda 
which may be utilise<f in the method of the invention are 
the SH2 binding sites on transme abrane recoptora with 

35 inducible protain-tyrcv ine kinase activity and ':ytoplaamic 
tyrosine phosphorylated t-^teina. 
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It will be Apc^cQclated thdt the selQctlon of an 
SH2-IiJce domain or aubdomain thereof and a phoaphorylated 
ligand in the method of the invention wiil depend on the 
nature and expected utility of the aubstance to be 
S aaaayed. 

The phoaphorylated ligand ia preferably 
ayr«thetically conatructed having regard to the interaction 
of the phoapnorylated ligand with a particular SK2 do*nain. 

The term *SH2 -phoaphorylated ligand regulatory 

10 ayatem* uaed herein refera to the interactiona of an SK2- 
like doinain or a aubdomain thereof and a phoaphorylated 
ligand and includea the binding of an SH2«lilce domain or 
a aubdomain thereof to a phoaphorylatfid ligand or any 
modifieationa to the SH2-like domain or a aubdonain 

15 thereof or to the phoaphorylated ligand aaaociated 
therewith, to form an SH2/ligand complex thereby 
activating a aeriea of regulatory pathwaya that control 
gene expreaaion, cell divia ion / cytoakeletal architecture 
and cell metaboliam* Bxamplea of auch regulatory pathwaya 

20 are the GAP/Raa pathvayt the pathway that regulatea the 
breakdown of polyphoaphoinoa it idea through phoapholipaae 
C (Pt<C)# and the Src/tyroaihe kinaiBO pathway* 

The term "aignalXing protein* uaed herein 
includea cytoplaamic protein tyroaine kinaaea, p21''** 

25 GTPaae*activating protein (GAP)« phoapholipaae Cy and the 
V-Crk oncoprotein, phoaphatidylinoaitol (PX) 3'*kinaae 
(PI3R), Src and Src-like tyroaine kinaaea, and Raf« 

The invention may be uaed to aaaay for a 
aubatanee that affecta the interaction of an SH2-like 

30 domain or a aubdomain thereof and a phoaphorylated ligand, 
preferably a auapected agoniat or antagoniat. The agoniat 
or antagoniet may be an endogenous phyaiological aubatanee 
or it may be a .latural or aynthetie drug. 

The SH2*pha8phorylated ligand complex, free SH2« 

3S like domain or aubdomaina thereof, or non-complexed 
phoaphorylated ligand in the method of the invention may 
be iaolated by conventional iaolation teehniquea, for 
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example^ salting out # chromatography « electrophoresis r gel 
filtration, fractionation, absorption, polyacrylamide g€»l 
electrophoresis, agglutination, or combinations thereof. 

The assaying for SH2-phosphorylated ligand 
S complex, free SH2-iike domain or subdomains thereof, or 
non-complexed phosphorylated ligand in ths^ method of the 
invention may be carried out using known methods. To 
facilitate the assay of the components, antibody against 
the SH2-li)ce domain or a subdomain thereof or the 

10 phosphorylated ligand, or a labelled 8H2*like domsiin or a 
subdomain thereof, or a labelled phosphorylated ligand may 
be utilised. 

The SH2 domain or subdomain thereof, or 
phosphorylated ligand may be used to prepare, monoclonal or 

IS polyclonal antibodies. Conventional ..methods can be used 
to prepare che antibodies. As to the details relating to 
the preparation of monoclonal antibodies reference can be 
made to Coding, J.W., Monoclonal Antibodies i Principles 
and Practice, 2nd Ed., Academic Press, London, 1966. 

20 An SH2 domain or subdomain thereof or 

phosphorylated ligand may be labelled with various 
entymes, fluorescent materials, luminescent materials and 
radioactive materials* Examples of suitable ensymes 
include horseradish peroxidase, biotin, alkaline 

2S phosphatase, p*galactosidase, or acetylcholinesterase! 
examples of suitable fluorescent materials include 
umbelliferone, fluorescein, fluorescein isothiocyanate# 
rhodamine, dichlorotriaslnylamine fluorescein, dansyl 
chloride or phycoerythrini an example of a luminescent 

30 material includes luminoli and examples of suitable 
radioactive material include radioactive phosphorous 
iodine 2^**, t"^ or tritium. 

Radioactive labelled materials may be prepared 
by radiolabeling with ^^X by the ehloramine-T method 

as (Greenwood et al, Biochem. J. £iill4, 1963), the 
lactoperoxidase method (Marchalonia et al, Biochem. «!• 
I21t92l, 1971), the Bolton*Hunter method (Bolton and 
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Huntar, Biocham, J« 133 tS29. 1973 and Bolton Raviaw 18, 
Amaraham Intarnational Limitad, Buckinghamshira, England, 
1977), tha lodogon mathod (Frakac and Spack, Biocham. 
Biophya. Raa« Commun. flAi849, 1978), tha Zodo*baada Mthod 
5 (Markwall Anal. Biocham. 12£t427, 1992) or with tritium by 
raductiva mathylation (Tack at al., J. Biol. Cham. 
2Ut8842, 1980). 

Known coupling mathoda (for axampla tfilaon and 
Nakana, in "Immunofluoraacanca and Ralatad Staining 

10 Tachniquaa", «. Knapp at ai, ada, p. 215, Elaaviar/Morth* 
Holland, Amstardam 4 Nav York, 19781 P. Tijatan and B. 
Kurstak, Anal* Biocham. 12£t451, 1984) may ba uaad to 
prmparm aniyma labellad matariala* Pluoraaeant laballad 
matariala may ba praparad by raaeting tha matarial with 

15 umballifarona, fluoraacain, fluoraacain iaothiocyanata, 
dichlorotriasinylamina fluoraacain, danayl chlorida, 
darivativaa of rhodamina auch aa tatramathyl rhodamina 
Iaothiocyanata/ or phycoarythrin* 

Tha SH2 domain or subdomain tharaof or 

20 phoaphorylatad ligand uaad in tha mathod of tha invantion 
may ba insolubilicad. For axampla, tha SH2 domain or 
■ubdomain tharaof or phoaphorylatad ligand may ba bound to 
a auitabla carriar. Examploa of auitabla carriara ara 
agaroaa, calluloaa, daxtran, Saphadax, Sapharoaa, 

25 carboxymathyl calluloaa polyatyrana, filtar papar, ion- 
axchanga racin, plaatic film, plaatio tuba, glaaa baada, 
polyamina*mathyl vinyl«athar*malaic acid eopolymar# amino 
acid copolymar, athylana-malaic acid copolymar, nylon, 
ailk, ate. Tha carriar may ba in tha ahapa of, for 

30 axampla, a tuba, taat plata, baada, diac, iphara ate 

Tha inaolttbiliaad SK2 domain or aubdomain 
tharaof or phoaphorylatad ligand may ba praparad by 
raaeting tha matarial with a tuitabla inaolubla carriar 
uaing known ehamieal or phyaieal mathoda, for axampla, 

35 cyanogan bromida coupling. 

Tha invantion alao providaa a mathod for 
■oraaning for antagoniata that inhibit tha affaeta of 
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agonlAta o£ an SHS-phosphorylatad ligand ragulatocy 
•yatom. Thua, a aubatanea that compataa for the mamm 
binding aite on the phoaphcrylated ligand or on the 8H2- 
like domain or a aubdomain thereof ia acreened for. 
S It will be underatood that the aubatancea that 

can be aaaayed uaing the tnethoda of the invention nay act 
on one or more of the SH2-bindina aite on the 
phoaphorylated iigand or the iigand*binding aite on the 
SH2»Iike domain or aubdomain thereof # including agoniat 
10 binding a i tea, competitive antagoniat binding aitea, non- 
competitive antagoniat binding aitea or ailoateric aitea* 

The following non-limiting examplea ere 
illuatrative of the preaent invention i 

IS The fol loving materiala and methoda vere 

utilised in the inveatigationa outlined in Examplea 1 end 

2t 

Antibodlftg 

Polyclonal rabbit antibodiea ageinat human GAP 

20 reaiduea 171*448 or phoaphotyroaine were reiaed and 
affinity-purified, aa deacribed in Ellia, C. at al (1990) 
Nature (London) 343, 377-381 and Xampa, M.P. a Seftoni 
B.M. (1988) Oncogene 2, 305-31S. Anti-trpE rabbit 
antiaerum waa raiaed againat a 37 Kda protein containing 

2S the N-terminel 323 reaiduea encoded by the Baeherichia 
coli trpE protein. Affinity-purified rabbit anti- 
phoaphotyroaine antibodiea were prepared aa deaeribed in 
Kampa, M.P. ft Sefton, B.M« (19B8) Oncogene 2, 305-315. 
Antibodiea directed againat a peptide correapending to 

30 reaiduea 1176-1186 of the human EGF-R (Honegger, A.N. et 
al., (1989) Proc .Natl. Acad .Sci. USA 86, 925-929) were 
utilixad. 
Cell Culture 

Growth conditiona, ^Pi labeling, EGF treatment, 

3S and imnunoprecipitation of RlhBR (obtained from N« Weber, 
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UniveraLty of Virginia, Char lottos vilie), Rat-2, and Rat-2 
cella oxproaaing v-«rc or v-fpa genet were as described in 
Oeclue, J. a Martin, U.S. (1969) J. Virol* 63, S42-554| 
Koch, V.X. at al. (1989) Mol. Cell. Biol. 9, 4131«4140| 
S and fillis, C. et al (1990) Nature (London) 343,377081. 
CompieK Pormation with Bacterial troB Fusion Proteins 

Restriction fragments from human GAP, bovine 
PLC^, or v«crk CDNAS were aubeloned into PATH bacterial 
TrpB expression vectors, using both natural and engineered 

10 restriction sites (Ellis, C. et al (1990) Nature (London) 
343, 377-381). Fifty ml cultures of B. coll RRl with the 
parental PATH expression plssmid, or a derivative encoding 
one of the various TrpB fusion proteins were grown and 
induced with indole acrylic acid as described in 

IS Noran, F. et al (1986) Oncogene 3, 66S-672. Cells ware 
washed with 1 ml of 50 mM Tris-HCl, pK 7.S, 10% (wt./vol.) 
sucrose followed by a 2 minute centrifugation at 15,000 x 
g. The cells were resuspended in 1 ml of ice-cold PLCLB 
(SO Mm HBPES, Ph 7.0/150 Hm NaCl/10% glycerol/1% Triton 

20 X-100/1.5 Mm MgCl,/l Mm BGTA/100 Km NaP/10 Mm NaPP,/l Mm 
NajVO^/l Mm phenyl/methylsulfonyl f luoride/aprotinin and 
leupeptin each at 10 iig/ml) sonicated 6 times for 
10 seconds each and clarified by centrifugation at 
15,000 X g for IS minutes. Sonication and all subsequent 

25 steps were done at 4*C. Supernatants were incubated with 
40 111 of anti«trpB serum and 30 |tl of protein A-Sepliarose 
beads. After being gently mixed for 90 minutes, the 
immune complexes were washed three times with HNT6 buffer 
(20 Mm HBPBS, Ph 7.0 150 Mm NaCl, 0.1% Triton X-100, 10% 

30 glycerol, 1 Mm Na^VO^) and divided into four equal 
aliquots. Similar amounts of the different TrpB fusion 
protein were detected in these immune complexes by 
immunoblotting with anti-TrpB antiserum. 

For in vitro binding experiments, approximately 

35 5 X 10^ non-radioactive or '^P-labelled cells were lysed in 
1 or 2 ml PLCLB and clarified as described below. One ml 
of clarified lysate was incubated with one aliquot of an 
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anti-trpE immune complex. After mixing by gentle 
inveraion for 90 minuten at 4^:, the immune complexea were 
recovered by centrlfugation, vaahed three tinea with HNTG, 
reeuapended in 40 |il of 8DS aampie buffer and heated at 
S 100*C for 3 minutea. 
iflifflunQblotting 

Cell lyaatea (prepared aa in Koehi C.A« at al 
(1969) 9i 4131-41401 25 \Lq of protein per lane). 
immunoprecipitateBi and bacterial complexea were reaolved 

10 by SDS-polyacrylamide gel electrophoreaia and tranaf erred 
to nitrocelluloae in a aeml^dry blotting apparittua at 0«8 
Ma. cm*' for 60 minutea. Biota were analyied by 
autoradiography (^P-labelled aamplea) or were blocked and 
then probed with anti-CGFR antiaerum (li200 dilution) or 

IS antiphoophotyroaine antibodiea aa deacribed in Xochi C.A. 
at al (1989) Mol. Cell. Biol. 9, 4131-4140. 
Antiphoaphotyroaine biota of whole-cell lyaatea were 
probed with 10 |t Ci of ^^Z-labelled protein A 
(3-10 |i Ci/ug; 1 Ci - 37 GBgi New England Nuclear), 

20 whereaa all other biota were probed with 5 i& Ci of high- 
apecifie-aetivity ^^Z-labelled protein A (3S ^ Ci/ng, 
Ameraham) . Biota were expoaed to Kodak XAR film at -75% 
with an intenaifying acreen. 

KMample 1 

25 (UP and Crk 8H2 Oomaina Bind a Related Bet of 

Phoaphotyroaine-containing Proteina. 

The diapoaition of 8H2 and SH3 domaina within 
aeveral aignalling and tranaforming proteina ia ahown in 
Figure 1. gap waa initially uaed to teat whether theae 

30 regiona might be involved in protein-protein interactiona • 
Different regiona of GAP were expreaaed in bacteria aa 
TrpB-GAP fuiion proteina Joined to a 37 -Kda TrpB protein 
(Figure 3). The fuaion proteina contained the following 
reaidueai TrpB-GAP-SH2, human GAP 171-4401 TrpB-GAP- 

35 SH2(N), GAP 178-270| TrpB-0AP-SK2(C) , GAP 348-445| TrpB- 
GAP-C, GAP 870-10471 TrpB-V-Crk# P47««^ 208-327| TrpE- 
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PLC,, bovine PLC^l 956-129 1.3-SK3 domaini GA-GTPase 
activating region of GAP. 

TrpB-GAP-SH2 contains almost precisely the two 
GAP SH2 domains and the intervening SH3 sequence. In 
5 contrast, TrpB-GAP*C contains the C-teminai haif of GAP, 
including all residues required to stimulate p21''*' GTPase 
activity (Marshall, M.S. et al (1989) EMBO. J. S, 
1105-1110) • As controls, the TrpB protein by itself and 
a TrpB«PZiCy fusion protein containing C-terminal PLC, 

10 catalytic sequences vere used. These TrpE fusion proteins 
were immunoprecipitated with anti-TrpE antiserum. 

To investigate whether these polypeptides could 
form specific complexes with proteins from src-trans formed 
cells, the immunopracipitates were incubated with a lysate 

15 of Rat«2 v-src cells (Figure 4A . Lanes S-8) and with 
lysates of normal Rat-3! fibroblasts (Figure 4A Lanes l*u) 
and analysed for associated proteins by. inmunoblotting 
with anti-phosphotyrosine antibodies. Phosphotyrosine 
bound to TrpB«GAP-SH2 from Rat«2.v-src cells (Lane 9) were 

20 also compared directly with an anti«(UP immunoprecip.vtate 
from the same lysate (Lane 10). 

l«rpE, TrpE«PLC, and TrpE-GAP-C which lack SH2 
sequences, did not retain any phosphotyrosine-contaiaing 
proteins from the Rat*2 v-src lysate. However, TrpB-GAP** 

25 SK2 bound a 62 KDA tyrosine phosphorylated protein, as 
well as variable amounts of a 130 Kda protein (Figure 4A)« 
The 62 Kda protein co-migrated with p62 imsiunoprecipitated 
with anti-GAP antibodies from Rat-2 v-sre cells. 

As a more direct test of their binding 

30 activities « the TrpB fusion proteins were incubated with 
lysate of Rat-2 v-src ceils that had been metabolically 
labelled with ^P, (Lanes 11-13). A lysate from '^Pi-labeled 
Rat-2 v-sro cells was also incubated with anti«GAP 
antibodies (Lane 14). Precipitated ^P labelled proteins 

35 were visualised by autoradiography (right panel). 
Exposure time was 3 hours, except for lane 14 (18 hours). 
Again, TrpB-aAP-8H2 specifically bound a 62 Kda 
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phoiphoptotein that comigrated with GAP-asaociated p62 
(Figure 4A) . The aama reault waa obtained uaing ^p- 
labelled v- f pa- trana formed cella. Tryptic phoaphopeptide 
analyaia confirmed the identity of the 62-Kda SH2*binding 
S protein aa p62« p62 ia not obvioualy related to p60*''*, and 
lacka detectable in vitro protein kinaae activity. The 
130 Kd« protein that bound the TrpB-6AP-SH2 nay correapond 
to a protein (pl30) Whoae phoaphorylation by activated 
peo**** requirea the 8rc 8H2 domain, with which it complexea 

10 in vivo (Reynoldai A.B, et al. (1989) Mol. Cell. Biol, 9, 
3951-3956 and Lau, A. r. (1966) Virology 151, 66-99)* 

Xmmobiliced TrpE (Figure 4B), TrpE-GAP-SH2(N) 
(Figure 4B), Trpe*OAP-8H2(C) (Figure 4B), TrpB^AP-SK2 
(Figure 4B) and TrpB-v-Ctk (Figure 4B) were incubated with 

15 lyaatea from Rat-2 v-arc cella ( Figure 4B) or normal Bat-2 
Cella (Figure 4B); For compariaonV anti-OAP 

immunoprecipitationa (Figure 4B) were made frM the aame 
cell lyaatea. Samplea were analyted by immunoblotting 
with anti-phoaphotyroaine antibodiea and ^''x-Protein-A. 

20 Autoradiography waa for 16 houra (laneff 1-6) or 3 daya 
(lanea 7-14). 

The binding aitea for p62 and p 130 were more 
preciaely aacribed to the N-terminal SH2 domain of GAP 
(GAP-8H2(ll), Figure 3) which efficiently bound p6a and 

25 pl30 from Rat-2 v-arc cella (Figure 4B) • 

To inveatigate whether theae tyroaine 
phoaphorylated proteina might be more general Uganda for 
SH2 -containing proteina aimilar experimenta were done with 
a TrpB-v-Crk fuaion protein (Figure 3). TrpB-v-Crk alao 

30 bound two phoaphotyroaine-containing proteina when 
incubated with a Rat-2 v-arc lyaate, which likely 
correapond to p62 and pl30 (Figure 4B). TrpB-v-Crk bound 
pl30 more efficiently than did Trp8-0AP-8H2 , and alao 
aaaociated with a diatinct 70 kOa tyroaine phoaphorylated 

35 protein (p70). Zn lyaatea of normal Rat-2 cella TrpB-GAP- 
SH2 bound a email amount of p62, whereaa TrpB*v-Crk formed 
•ore readily detectable complexea with pl30 and p70 
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(Figure 4B). it is of interost that phosphotyrofline- 
containing proteins of thi« alee are aaaociatod with P47<*«* 
in v-crk- trans formed chicken embryo fibroblasts, and 
bind bacterial v-Crk in lysates of v-crk-trans formed cells 
5 (Mayer, B.J. et al (1988) Nature London) 332, 272*27S| 
Mayer, B.J. et al (1988) (Cold Spring Harbor Symp. Quant. 
Biol. 53, 907-914; Mayer, B.J. a Hanafusa, H. (1990) Proc. 
Natl. Acad. Sci. U.S.A. 87, 2638-2642). These results 
indicate that the GAP and Crk SH2 domains have distinct 
10 but overlapping binding specificities. They bind common 
phosphotyrbsine-Gcntaining Uganda, but apparently vith 
different efficiencies. 
SlABBlfl-2 

The N terminal GAP 8112 DoiMin Binds Activated 

15 BGF Receptor In Vitro. 

GAP has been implicated in the response to 
growth fsctors such as epidermal growth factor (BGP) and 
plateletHierived growth factor (PDQR), and shown to form 
a physical complex with the P0(.;P-recept6r. Therefore the 

20 binding activity of Trpe-GAP bacterial proteins in lysates 
of Rat-1 cells expressing the human E6F*receptor 
(EGF*R)(«2.5 JC 10' per cell) was investigated. 

Serum-starved (for 48 hours) Rat-1 cells 
oyerexpressing human BGF-receptors were stimulated with 0 

25 (Figure 5 l*nes 9 to 16), or with 80 nM EOF (lanes 1 to 8) 
for 5 uinutes at 37oC. Cells lysates were mixed with the 
indicated TrpE bacterial fusion proteins, immunobilised 
with anti-TrpB antibodies (lanes 1-5,9-13), or 
immunoprecipitated with anti-GAP (lanes 6,14), anti-BGF*R 

30 (lanes 7,15) or anti-phosphotryosine (lanes 8,16) 
antibodiee. Complexes and immunoprecipitates were washed 
and analysed by western blotting with antiphosphotryosine 
antibodies. Nitrocellulose filters containing duplicate 
samples of those in were immunoblotted with anti-B6F-R 

35 antibodies (Figure SB). 

No phosphotyrosine-containing proteins 
associated with immobilised TrpB fusion proteins before 
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eCF stimulation (Figure 5A), or with TrpE-GAP-C following 
addition ot CGF. However, Trpe-GAP*SH2, Trpe-GAP-SH2(H) 
and TrpB*v«Crk precipitated two tyrosine phoaphorylated 
proteins from lysates of EGF«stimulated cells, with 
5 mobilities of 62 and 180 KDa (Figure SA). The 62 kOa 
protein conigrated with p62 precipitated from the CGP- 
stimulated lyaate with anti-GAP antibodies* The 180 kOa 
band comigrated with the EGP«R immunoprecipJ tated from the 
same lysate, was recognised by anti*eGP-R antibodies on an 

10 immunoblot (Figure SB), and was phosphorylated on tyrosine 
in an in vitro kinase reaction* These data show that the 
180*kOa protein is the eGF«R and that its association with 
SH2 domains is clearly dependent on prior EGF stimulation 
(Figure SB). TrpB«v-Crk bound the EGF-R more effectively 

IS than the GAP SH2 fusion proteins, but was less, efficient 
in p62«binding (Figures 5A and B, lane S) 

Pps and Src SHI Domains Are Required for 
Tysoeine Phosphorylation of p62 and GAP 

20 p62 ia rapidly and abundantly phosphorylated by 

activated vSrc and v«-Fps tyrosine kinases (Ellis, C, et 
al. (1990) Nature (London) 343, 377-381). The v-Fps SH2 
domsin^ and *Glu*832 in particular have been previously 
implicated ia recognition of a 62»kDa protein whose 

2S phosphorylation correlates with transformation (Koch, C.A. 
et al. (1989) Mol. Cell. Biol. 9, 4131-4140). Therefore, 
an investigation was carried out to determine whether this 
substrate corresponds to p62, which displays an affinity 
for SH2 domains in vitro (see Example 1). In particular, 

30 total cell lysates, or anti-<3AP immunoprecipitates from 
Rat*2 calls expressing either wild type PI 30^'^ (v-fps), 
or a glu*'^«>lyB amino acid mutant (K-832) were analysed by 
immunoblotting with anti-phosphotryosine antibodies. 

Direct comparison revealed that QAP*associatcid 

3S p62, precipitated with anti-GAP antibodies from cells 
trana formed by wild typ^ (wt) v*fps, comigrated with the 
prominent SM2-dependent 62-kDa substrate identified in the 
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whole cell lyaate. rurthermore, little phosphotyrosine- 
containing p62 could be detected in anti*GAP 
iimnunoprecipitatee from cells expreaaing a v-Fpa . mutant 
with a aubatitution of lyaine tor Glu*832 in the SH2 
5 domain (figure 6A). GAF itself is a relatively poor 
substrate for Pi30^*'^ (ElliSi C. et al. (1990) Mature 
(London) 343, 377-381)1 prolonged exposure revealed that 
GAP tyroaine phoaphorylation also depends on the v-Ppe SH2 
domain* 

10 A series of in*phase linlcer- insert ion and 

deletion mutations constructed in v-src has yielded 
several mutants that have relatively high levels of p60***^* 
kinase activity, but are poorly tranaforming in Rat«2 
cells (DeClue, J. a Martin, G.S. (1969) J. Virol. 63, 

15 S42-554)« The XD6 and SHX13 mutants have alterations 
within highly conserved regions of the v-Src SH2 domain. 
XD6 haa a deletion of residues 149-174, and the 8HX 13 
mutation inserts Arg-Ala after reaidue 226. In contrast, 
the SRXS mutation replaces the codon for the tyr*^* 

20 autophosphorylation site in the catalytic domain with 
eodons for Ser-Arg-Asp. 

Anti-GAF immunoprecipitatea (Figure ^8, left 
panel), or total cell lysates (Figure 6B, middle panel) 
from Rat«2 cells expressing wild type v«src, or the SRXS, 

2S 8HX13 or X06 v«src mutanta, or containing empty vector, 
were analysed by immunoblotting with anti-phoaphotyrosine 
antibodies. The focue forming activities of the v-sro 
mutants on Rat-2 eella relative to wt are indicated 
(OeClue, J. 6 Martin, Q.S. (1989) J. Virol. €3, S42-SS4). 

30 In addition, Rat*2 v-src cells were metabolically labelled 
with '^Pi for 2 hours, followed )»y immunoprecipitation with 
anti«phoaphotyroaine or anti«0AP antibodiea. Theae 
immunoprecipitatea were separated by gel electrophoresis, 
transferred to inmunoblote and subjected to 

35 autoradiography (Ficnire 63, right panel). 

RAt<*2 crals expressing these v«src mutants 
contained aimilar levels of GAP and p60**'^ compared with 
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wild type v-«rc* trans formed cells. However, anti^GAP 
Inmunopreclpltations shoved that the tyrosine 
phosphorylation of GAP-associated p62, and of GAP itself, 
was greatly decreased in cells expressing the SHX13 and 
S X0€ v-sre SH2 mutants, correlating with their particularly 
low Rat»2 transforming activity (Figure 6B) • In contrast, 
the SRXS autophosphorylation site mutant has an intact SH2 
domain, retains 13% ot wild type transforming activity on 
Rat«2 cells, and etill gives appreciable phosphorylation 

io of p€2 and GAP. Unlike p62, which is minor but highly 
phosphorylated protein, pl90 contains relatively little 
phesphotycoeine but it is a major 6AP-binding protein 
(Bills, C. et al (1990) Mature (London) 343,377*381). 
pl90 tyrosine phosphorylation was not affected by the 

IS v*sre or v-Pps SH2 mutations and hence, does not require 
the tyrosine kinase SH2 domain and does not correlate with 
transformation. Binding of tyrosine phosphorylated pl90 to 
GAP SK2 domains or Cf-terminal region in vitro was not 
observed, possibly because all the available pl90 is 

20 already associated with GAP in cell lysatee« 

8lf2 domains of PUyl syntheaised in bacteria 
bind synergistieally in vitro to activated B6P- and POGP* 
receptore. 

25 The following ouiteriale and Mthods were 

utilised in the examplet 

Restriction sites were introduced on either side 
of 8H2 coding sequences in the CDMA's for bovine PIiCyI Md 
human GAP with oligonucleotide-directed mutagenesis 

30 (Kunkel, et al.. Methods Bnsymol. 154, 367 (1987)). For 
each individual SH2 domain an 8ph X eite waa created at 
the 5* end and an Nhe X sit.j at the 3* end. These Sph X- 
Nhe X fragments were cloned into a pATH bacterial trpB 
expression vector whone multiple cloning site had been 

35 modified to contain unique Sph X and Mhe X sitea. For 
fusions that contained both SH2 domains, the Sph X site of 
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the NH|- terminal SH2 domain and the Nhe X site of the 
COOH-tecminal SK2 domain vera used for the excision, Src 
and Crk fusion proteins utilised natural restriction 
sitos. The resulting fusion proteins contained th« NH,* 
S terminal 323 amino acids oC TrpE and retained the desired 
reading frame for PLCyl or GAP. 

Cultures of E. coll RRl with pATH expression 
plasmids were grown, induced, and lysed as described above 
in Example l.The TrpB fusion proteins were recovered from 

10 the supernatants by immunopreeipitation with polyclonal 
anti^TrpE antiserum immobilised on protein A-Sepharose 
beads. Immune complexes were washed, aliquoted, flash* 
fro8en# and stored at •70^ until mixed with mammalian cell 
lysates. Starved or growth factor*stimulated rat 

IS fibroblasts (^5 x 10^) were lysed in 2 ml of lysis buffer 
(SO mN Kepes, pH 7.0, ISO mH NaCl, 10% glycerol, 1% Triton 
X-100, l.S siM NgCl,, 1 siM EGTA, 100 mN HaF, 10 mN sodium 
pyrophosphate, 1 mK Na|VO^, 1 mN PMSP, 10 iAg/ml aprotiniu, 
10 Mg/nl loupeptin). Clarified mammalian cell lysate (1 

20 ml) was mixed with immobilised bacterial fusion protein by 
gentle inversion for 90 min at 4%. Complexes were 
recovered by centrifugation, washed three times with HKTQ 
buffer (20 mN Kepes pH 7«0, ISO mN NaCl, 0.1% Triton X- 
100, 10% glycerol, 1 mN Na^VOJ, and analysed by 

2S immunoblotting with anti*P.Tyr or anti-receptor as 
described in Raslauskaa et al« Science 247, 1S78 (1990)| 
Koch et al. Nol, Cell. Biol. 9, 4131 (1969) i and Ellis et 
al., Nature 343, 377 (1990). To ensure that the different 
TrpB fusion proteins were present in similar amounts in 

30 the immune complexes incubated with the oiammalian cell 
lysates, duplicate samples for anti-P.Tyr and anti-EGP-R 
immunoblotting were probed with an anti-TrpE monoclonal 
antibody. Equivalent amounts of the various TtpE fusion 
proteins were detected. 

3S To investigate the possibility that ensymes such 

as PLCy and GAP ansociate directly with activated tyrosine 
leinase receptors by virtue of their 8H2 domains. 
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restriction aitea were introduced into the complementary 
ONA (cONA) for bovine PLCyli which allowed the preciae 
exciaion of the NH^* terminal and COOH-terminal SH2 doftiiina 
(SH2(M1 and SH2(C))« either alone or together ( See 
S detailed method described above and Pig. 7 )• The 
individual SH2 domaina, or the two SH2 domains together 
(SH2(N4>Cn were introduced into a bacterial expreasion 
vector (pATN) and expreased as TrpE fusion proteins in 
Escherichia coll. These proteina were iaolated from 

10 bact«irial lyaates by immunoprecipitation with antibodies 
to TrpC ( ant i-TrpE) attached to Sepharoae beada (3e« 
detailed method described above) • 

The immobilised bacterial proteina ^parental 
Trpe or the indicated TrpB-PLCYl bacterial fuaion 

IS proteins) were incubated with lysetes of Rat-1 cells that 
overexpressed the human (RlhER), which had been 

aerum-starved for 48 houra (Figure e# lanea 11 to IS) or 
atimulated for S min at 37% with 80 nM B6P (Figure 8, 
lanea 1 to 10 )« Complexea were waahed* resolved on 8.2S% 

20 SOS-polyacrylamide gels, and analysed by immunoblotting 
with either anti(«)«-F.Tyr (Figure 8, lanea 1 to S) or 
anti*EGF-R (Figure 8, lanea 6 to IS) followed by X***- 
labelled protein A. Autoradiography was for 16 hours. 
Immobilised TrpE or TrpE-PLCy^ fusion proteins were also 

2£ incubatet with lysates from Rat-2 cells that were serum- 
starved for 48 hours (Figure 8# lanea 11 to IS) or 
atimulated for S min at 37% with 7S nN 8B-PDGF (Figure 8, 
lanea l to 10). Samples were resolved on 6% 8D8- 
polyacrylamide gela and analysed by immunoblotting with 

10 either anti-P.Tyr (Figure 8# lanes 1 to S) or anti-POGF-R 
(Figure 8, lanea 6 to IS). 

The TrpB-PLC-SH2(M] fusion protein complexed 
specifically with a 180-kilodalton ()cD) P. Tyr* containing 
protein in lysatea of EGF-atimulated cella. 

3S Xmaninoblotting of duplicate eamples with antibodies to the 
EGF«R confirmed that this protein was the EGF-R and showed 
that its in vitro association with the VVZyl SH2(M1 domain 
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wfts EGF-dopendent (Figure 8) . The PLCyl SH2[M] domain was 
more efficient than the SH2{C] domain in ita ability to 
bind the EGP-R* ijiterestingXy, the fuaion protein that 
contained both KH|«» and COOK-terminal SH2 domaina bound two 
5 to four-fold more EGP-R in EGF-etimulated cell lysatea 
than could be accounted for by the two individual 8H2 
domains. The PLCyI SH2 domaina therefore functioned 
aynergietically in binding to the activated EGF«R« Very 
eimilar reaulta were obtained for Interactiona of the 

10 PLCyl 6H2 domains with the PDGF-R (Pig. 8). The PLCyl 
8H2[N] domain bound the PDGF-R in lyaatea of cella treated 
with the BB homodimeric form of PDGP but not in lyaatea of 
unstimulated cells « As observed for the BOP«il# the PLCyl 
8H2(C] domain alone was inefficient in binding activated 

15 PDGP-R, but bound aynergietically with the SH2[N] domain 
when both domaina were expreased aa ono' bacterial protein 
(Fig. 8). 

Within the SH2 domain, there are motifs that are 
particularly highly conaerved. For example the KH^- 

20 terminal tryptophan is invariant, and moat 8112 domains 
start with the consensus W(Y|F) (H,F)GK (Kf>ch et al« Hoi. 
Cell. Biol. 9, 4131 (1989)). (Note Abbreviationa for the 
amino acid reaidues arei A, Alai C, Cyai D, Aapi B, Glui 
F, Phei G, Glyi Ht Hiai X, lie} K, Lysf Leuf M, Met| H, 

25 Aani P, Proi Q, Glni R, Argi 8, 8eri T, Thri V, Vali N, 
Trpy and T, Tyr.) Theae reaidues may have been conaerved 
because they are important in the interactiona of 8H2* 
containing proteina with activated growth factor 
receptora. A TrpB fusion protein that contained both 

30 PLCyl 8H2 domains I with the exception that the firat four 
reaidues of 8H2tN] («<*F«K-C) were deleted (PLCi^ 8H2-8K2* 
3) was expressed and its aaaociation with phoaphotyrosine 
containing proteina in cell lyaatee uaing the techniquea 
deacribed above was inyeatigated. The fusion protein 

35 showed a modeat ability to bind activated E6F- or POGF«R 
(Fig. 8, laaee S and 10) that wae eq(uivalent to the SH2[C] 
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domain alone « Indicating that the removal of the four 

residues weakened binding activity • 

BXflBfllflJS 

Binding of TryS fusion proteins that contain the 
S GAP, Srot or Crk SB7. dosMins to PDGP«R in Ipsatas of PDGP-> 
stimulated Rat-2 eells. 

The following procedure was used to investigate 
binding of TryE fusion proteins that contain QKPf Src, or 
Crk SH2 domains to PDGF*R in lysates of stimulated Rat-2 

10 cells. Serum* starved Rat«2 cells were stimulated for S 
min at 37^ with 75 nM BB-PDGF, lysed, and mixed with the 
indicated immobilised TrpB bacterial fusion proteins. 
Complexes were washed, resolved on 7.5% SDS-polyaerylamide 
gels and analysed by immunoblotting with anti«P«Tyr (8 

15 hour exposure) or with anti-PDGP*R (18 hour exposure). 

Because GAP also associates with the POGF-R, 
experiments were carried out using bacterial GAP 8K2 
sequences (see Figure 7). The GAP SH2[N] domain bound the 
PDGF-R in a lysate of PDGF*stimulated cells (Fig. 9)i but 

20 not in unstimulated cells. The GAP 8H2[C] domain 
exhibited much weaker POGF«R-binding activity. However , 
the two SH2 domains together (GAP«SH2[N ♦ 3 C) bound the 
receptor threefold more efficiently than expected from 
their individual binding activities (Fig. 9i lanes 4 to 6 

25 and 13 to IS). GAP contains an SH3 domain, which 
intervenes between the two 8H2 elements and might 
contribute to binding to receptors. This seems unlikely, 
because the PLCyl SH3 domain, expressed in isolation as a 
TrpB fusion protein, did not associate with the POGF«R 

30 (Figure 9). 

Src*like tyrosine kinases and v-Crk also contain 
SH2 domains, which may bind activated receptors. 
Consistent with this prediction, bacterial fusion proteins 
that contained the SH2 domains of p60"^ or P47«^'*^ bound 

35 PDGF^R in lysatee of POGF*stistulated Rat-2 cells (Fig. 9). 
pSO*^ is a substrate for the PDQF«R (Ralston and Bishop, 
Proe. Natl. Acad. Sci. U.S.A. 82, 784S (1985) i Gould and 
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Hunter, Kol/ Cell. Biol. 8, 3345 (1988)), end recent 
evidence suggests that Scr«*li)ce kinases are physically 
associated with activated PDGF-R in vivo (Kypta et al. 
Cell 62, 481 (1990)). The data herein imply that this 
5 interaction involves the Sre SH2 domain. Whether the 
normal homo log of v-Crk complexes with growth factor 
receptors in vivo remains to be established. 

Kw^i^^n a 

Inhibition of in vitro binding of both PLCyl and 

10 GAP 6112 domaine to the activated PD6P<>R in Rat-2 cells 
that overexpresa PLCyl. 

Only a minor fraction of activated pdgp-R 
complexes with PtCyl in vivo. A Rat-2 cell line was 
genetically modified to overexpress PLCyl by tenfold as 

IS compared with the endogenous ensyme (Rat-2 PLCyl). There 
is a proportionate increase in the amount of PD6F-R 
precipitated with antibodies to PLCyl (anti-PLCyl) after 
PDGP stimulation of Rat-2 PLCyl cells, in comparison with 
parental Rat-2 cells. If bacterial PLCyl SH2 domains 

20 bound to the same site(s) on the POGF-R as did cellular 
PLCyl, then overexpress ion of PLCyl should block binding 
of bacterial PLCyl SH2 domains to activated PDGF-R in 
vitro. To investigate thisRat-2 cells (Figure 10, lanes 1, 
2, 5 and 6) or a Rat-2 cell line that overexpressed PLCyl 

25 by tenfold (R2«PLCyi lanea 3, 4, 7, 8) were stimulated 
with POGF (lanes 1, 3, and 5*8) or maintained without PD6F 
(lanes 2 and 4). Cell lysates were mixed with immobilised 
TrpB-PLC-8H2(H) (lanes 1 to 4), TrpB-PLC-8H2(M ^ C] (lanes 
5 and 7), or TrpB-GAP«8H2(N 3 ^ C] (lanes 6 to 6). 

30 Samples were washed, separated by gel electrophoresis, and 
immunoblotted with anti-P.Tyr. Similar results were 
obtained by blotting with anti-PDGF-R. 

When the Rat*2 PLCyl cell line was stimulated 
with PDGF, lysed, and incubated with immobilised PLCyl- 

35 SH2(N] or PLCyl SH2CN 4> C), only one-third as much PDGF-R 
associated with the baeteriel protein, compared with the 
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parantal POGF-stiffiulated Rat-2 cellt (Pigura 10) • Binding 
of TrpE-QAP-SH2 fualon protein to the P06P*R waa alep 
reduced by overexprettion of endogenoua PLCylf auggeating 
that PtCyt and GAP compete for aitea on the activated 
POGF-R. 
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THE EMBODIMENTS OP THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED AKE DEFINED AS FOLLOWS t 

1. A method for assaying a medium for the presence 
of a substance that affects an SH2-ph68phorylAted ligand 

5 regulatory system comprising providing an SH2-like domain 
or a subdomain thereof^ and a phosphorylated ligand vhich 
is capable of interacting with said SH2-like domain or a 
subdomain thereof to form an 8H2-pho8phorylated ligand 
complex, said SH2*like domain or subdomain and/or said 

10 phosphorylated ligand being present in a known 
concentration, and incubating with a test substance which 
is suspected of affecting an 8H2-phosphorylated ligand 
regulatory system, under conditions which permit the 
formation of said SH2-phosphorylated ligand complex, and 

IS assaying for said 8H2 -phosphorylated ligand complex^ free 
8H2-like domain or subdomains thereof, or non-complexed 
phosphorylated ligand. 

2. A method for assaying a medium for the presence 
of an agonist or antagonist substance of an SH2- 

20 phosphorylated ligand regulatory system comprising 
providing an 6H2-like domain or a subdomain thereof , and 
a phosphorylated ligand which is capable of interacting 
with said SH2-like domain or a subdomain thereof to form 
an 8H2-phosphorylated ligand complex, said 8H2-like domain 

2S or subdomain and/or said phosphorylated ligand being 
present in a known concentration, and incubating with a 
suspected agonist or antagonist substance, under 
conditions which permit the formation of said SK2- 
phosphorylated ligand complex, and assaying for said 8H2- 

30 phosphorylated ligand complex, free 8H2*like domain or 
subdomains thereof, or non-eomplexed phosphorylated 
ligand. 
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3. X nethod as claimed in clAim I, wherein the 
phosphorylated ligand is a phosphotyrosine or 
phosphoserine/phosphothreonine polypeptide or peptide. 

4. K method as claimed in claim 3« wherein the 
phosphorylated ligand is an SH2 binding site on a 
transmembrane receptor with inducible protein-tyrosine 
kinase activity or a cytoplasmic tyrosine phosphorylated 
protein* 

5. A method as claimed in claim I, wherein the 8H2 
domain or subdomain thereof is a sequence which is 
substantially homologous to an Src homology region 2 (SH2 
region), or a subdomain of an 6H2 region preferably a 
conserved region of an 6H2 region. 

6« A method as claimed in claim S, wherein the 6H2 

IS domain or subdomain thereof is a sequence which is 
substantially homologous to the SK2 domain shown in Figure 
2, 

7. A method as claimed in claim 5* wherein the 8H2 

domain or subdomain thereof is a sequence which is 
20 substantially homologous to one or more of the subdomains 
of the 8H2 domain shown in Figure 2« 

e. A method as claimed in claim 1, wherein the 

substance assayed for affects an 8IC2 -phosphorylated ligand 
regulatory system which risguiates transformation pathways* 

25 9. An isolated 8H2«phosphorylatiid ligand complex 

comprising an 8K2-lik^ domain or a subdomain thereof and 
a phosphorylated ligand which is capable of interacting 
with said 8K2«like domain or a subdomain thereof. 
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10. A method of using an iaolAted SH2-Iilce domain or 

a eubdomain thereof to screen for phosphorylated liganda 
which are active in an SH2 -phosphorylated ligand 
regulatory system. 

5 11. A method of using an isolated SH2-like domain or 

a subdomain thereof to regulate the interaction of a 
signalling protein with a related phosphorylated ligand. 

12. A* pharmaceutical composition comprising an 

isolated SH2-like domain or a subdomain thereof for use as 
10 an agonist or antagonist of the interaction of a 
signalling protein with a related phosphorylated ligand. 



zmm 



Ui 



I 



s 

09 



(0 

& 



M 

S 

n 
S 

il 



i 



CO < 



£2 

O ^ ^ w I 



=3 
O 



GIWAL 



2034G02 



mm m i ill p iii i 1 1 



UmiU lit ii 

i^iiiiii ill ft 

llissagsi ill ii> 



^^HH^MM*^ ***** 



||||{||§ ^tt It 

******** * * 



nil il fiil k f I 

liil is llll 11 1 1 

till II ill |l !• f 

** ^ •••• * ^ 

liil 



llll iiii If II i* 

iiiiiiii iii ii Mii ii Uii ii i i 

-------- m«t« 4« ••«• • 

^^^ ^^^ ^^aj^^ 

II ii iiii ft I i 




ill 

• i • • • 



BAD ORIQiNAk 



Rat-2 st'Sfc 



. ^ CM 



^0.00 »-a,oo o a 



FIGURE <(A 




pi 90 
pi 30^ 
GAP 



4-p62 



1234 ser* 3ia 
« P.Tyr blot 



11 



<V4 
Z 



12 



13 



?! 



♦ GAP 
. mm ^p62 



14 



(®Plorthophosphate 



Rat-2 



7)<0 CO ^Q, 



(0(0 CO 



p130«- 



FIGURE OB 



^GAP 



ui 



2 O, 

(O COCO ^OL 



0.2 ^<Cd 



♦ pi 30 



p70 
p62 



1 2 3 4 5 6 



7 8 9 11 

10 12 



>eGF -POP '^"''^'••i''' 



-EOF 

o 



mil!?: 




'23 4 5 6 7 8 9 M 13 IS 

10 13 14 16 

" P.TYR 



+ EGF - EGF 




1 2 3 4 5 6 7 8 9 11 13 15 

10 12 14 16 

a EGF-R 



BAD ORIGINAL 



^'fps K-832 



Q. J) n <D 
FIGURE 6A < ra < -Jo 



-84 

p62-^ac3 ^ -58 



O ^ O 

o o «~ o o 
d d d d 
V V 



FIGURE 6B 




^GAP 
<*-p62 



a GAP Total Lysate (Kpjorthophosphate 



BAD OAl&tNAL 




BAD ORIGINAL 



2054602 



+EGF +EGF -EGF 
a P. Tyr a EGF-R a EGF-R 

« n « 

uS uS erg 

iS'^SS^ 



1234 5 6789 10 1t.J3, JS 

12 14 



-180 

=8i 



-180 



-116 
-64 

+POGF +PDGF -PDGF 
a P. Tyr a POGF-R a POGF-R 



FIGURE 8 



BAD ORIGINAL 



2051602 



+PDGF +PDGF 

o ^ 

-lie 

123466789 ^oTj^^.r* ^16^ J« 

11 13 15 17 

aP.Tyr a POGF-R 



FIGURE 9 



BAD ORIGINAL 



3 

O a: 

si Si si 

PLC>SH2(N] slSsfS 
PDQF + • + - + + + + 

180-0 fl ^ PDGF^ -*C3^ -teo 
116- -116 

64- 



1 2 3 4 S 6 7 8 

a P. Tyr 



-84 
-58 



FIGURE 10 



BAD ORIGINAL 



per 



WORLD INTCLLECTljAL PROPERTY ORGANIZATION 
IntemAtiontl Buretu 




INTERNATIONAL APPLICATION PUBtfSHCD UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) liitenatkm«i Pitest OassiacalioR ' : 
C12Qin(»»A€lK 37/02 



At 



(lOlntenttioBtl PobUoitioii Nmnbcr: 



WO 91/19818 



(43) htcniitiotti PkiMlcatioa Date: 26 December 1991 (26.12.91) 



(2t)lBl 

(22) 



ApptlcatloB Ntimber : PCT/US91 /04384 
nilag Date? 19 June 1991 (19.06.91) 



00) Priority data: 
541.108 



20 June i990 (20.06.90) 



US 



(60) Pareal Apptlcatloa or Gnat 

(63) Related by Continuation 
US 

Filed on 



54|J08(CIP) 
20 June 1990(20.06.90) 



(71) AppHcaat Oof att dtsignat u! States except VS): AFFYMAX 

TECHNOLOGIES N.V. |NL/NL); De Ruyderkade 62, 
Curasao (AN). 

(72) Iavcatora;aad 

(75)laveBton/ApplicaBt9 (for US only) : DOWER, William, J. 
iUS/USl; 761 Partridge Avenue* Menlo Park, CA 94025 
(US). CWIRLA, Steven, E. [US/USI; 765 San Antonio 
Road, #64, Palo Alto. CA 94303 (US). BARRETT, Ro- 
jaW. W [US/USI; 562 Cartiie Vay. Sunnyvale; CA 
"40o7 \VJS). 



(74) Afeal: SMITH. William, M.; Townsend and Townsend. 
CA*94I05 (UO**** Stcuftrt Tower, San Francisco 

(SI) Deslgimted State*: AT. AT (European patent), AU, BB, BE 
(European patent), BF (OAPI patent), BG, BJ (OAPI 
K?"2v?^^^ ^^^^^ patent), CO (OAPI patent). 
CH. CH (European patent), CI (OAPI patent), CM 
(OAPI patent), DE, DE (European patent), DK, DK 
(European patent), ES, ES (European patent), FI. FR 
(European patent), OA (OAPI patent), GB. OB (Euro- 
pean petent), GN (OAPI patent). OR (European pa- 
5?fti*^' ^ (European patent). JP. KP, KR, LK, LU. 
K^^5?riR*"" P«em), MC. MG. ML (OAPI patent), 
S^^Lp*S^"*>* '^^^ (European patent) 

NO. PL. RO^D, SE, SE (European patent), SN (OAPI 
patent), SU, TD (OAPI patent), TO (OAPI patent). US. 

Published 

With international searth report. 

Bffbre the expiration of the time limit Jbr an,inding the 
daims and to be '-jpublbhed In the event e,' ^ 



amendments. 



to/ the receipt of 



(54)Tltie: PEPTIDE LIBRARY AND SCREENING SYSTEMS 



(57) Abstract 



Peptide which bind to selected receptors are identifled by screening libraries which encode a random or oontfolted collec- 
tion or ammo aads. Peptides encoded by the libraries are expressed as fusion proteins of bacteriophage coat proteins, and barter- 
lophage are then against the receptors of interest Peptides having a wide variety of uses, such as therapeutic or diagnos- 

dc reagents, may thus be identified without any prior information on the structure of the experted ligand or receptor 
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PEPTIDE LIBRARY AND SCREENING SYSTEMS 



Field of the Tnvet^til^p 

The present Invention relates generally to 
aethods for selecting peptide ligands to receptor 
molecules of interest and, more particularly, to methods 
for generating and screening large peptide libraries for 
peptides vith desired binding characteristics. 



Background of the Inventirn 



MM 



As molecular biology has helped to define 
regions of proteins that contribute to a particular 
biological activity, it has become desirable to 
synthesize short peptides to mimic (or inhibit) those 
activities. Many of the disadvantages encountered in 
therapeutic, diagnostic and industrial settings with 
purified proteins, or those produced by recombinant 
means, could easily be avoided by short synthetic 
peptides. For instance, synthetic peptides offer 
advantages of specificity, convenience of sample or bulk 
preparation, lower relative cost, high degree of purity, 
and long shelf -life. 

» Despite the great promise of synthetic 

peptides, the technology remains, to a large extent, a 
laboratory tool. Precise sequence and binding data are 
not available for most proteins of significant medical, 
agricultural or industrial interest. Even when the 
sequence of a protein is known, the process of 



WO 91/19818 



PCrAJS9l/043M 



Identifying short sequences which are responsible for or . 
contribute to a biological activity nay be extremely 
tedious, if not nearly impossible in many instances. 

Thus, the ability to generate and efficiently 
5 screen very large collections of peptides for desired 

binding activities would be of enormous interest. It 
would enable the identification of novel agonists and 
antagonists for receptors, the Isolation of specific 
inhibitors of enzymes, provide probes for structural and 

10 functional analyses of binding sites of many proteins, 

and ligahds for many other compounds employed in a wide 
variety of applications. 

The generation of large numbers of peptide 
sequences by the cloning and expression of randomly- 

15 generated mixtures of oligonucleotides is possible in the 

appropriate recombinant vectors. See, e.g., Oliphant et 
al., fifing 44:177-183 (1986). Such a large number of 
compounds can be produced, however, that methods for 
efficient physical and genetic selection are required. 

20 Without such methods the usefulness of these large 

peptide libraries in providing ligands of potential 
interest may be lost. The present invention provides 
methods for efficient screening and selection from a 
large peptide library, fulfilling these and other related 

25 needs. 



Summary of the Invention 



30 



35 



The" present invention provides novel methods 
and compositions for identifying peptides which bind to 
preselected receptor molecules. The peptides find a 
variety of therapeutic, diagnostic and related uses, 
e.g., to bind the receptor or an analogue thereof and 
inhibit or promote its activity. 

In one embodiment the invention relates to 
methods for identifying the peptides which bind to a 
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preselected' receptor* In certain aspects the methods 
generally comprise constructing a bacteriophage 
expression vector which comprises an oligonucleotide 
library of at least about 10^ members which encode the 
5 peptides. The library member is joined in reading frame 

to the 5' region of a nucleotide sequence encoding an 
outer structural protein of the bacteriophage. 
Appropriate host cells are transformed with the 
expression vectors, generally by electroporation, and the 

10 transformed cells cultivated under conditions suitable 

for expression and assembly of bacteriophage. Using an 
affinity screening process, bacteriophage library members 
are contacted with the preselected receptor under 
conditions conducive to specific peptide-receptor 

15 binding, and bacteriophage whose coat proteins have 

peptides which bind the receptor molecule are selected. 
The nucleotide sequence which encodes the peptide on the 
selected phage may then be determined. By repeating the 
affinity selection process one or more times, the 

20 peptides of interest may be enriched. By increasing the 

stringency of the selection, e.g., by reducing the 
valency of the peptide-phage interaction towards 
substantial monovalency, peptides of increasingly higher 
affinity can be identified. 

25 In another aspect the methods are concerned 

with expression vectors having the oligonucleotide 
library members joined in reading frame with a nucleotide 
sequence ^o encode a fusion protein, wherein the library 
membte repiresents the 5* member of the fusion and the 3* 

30 meaiber comprises at least a portion of an outer 

structural protein of the bacteriophage. The first 
residue of the peptide encoded by the library member may 
be at the 5* -terminus of the sequence encoding the phage 
coat protein. In preferred embodiments, where phage 

35 proteins are initially expressed as preproteins and then 

processed by the host cell to a mature protein, the 
library members are inserted so as to leave the peptide 
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encoded thereby at the H-terninus of the nature phage 
protein after processing or a protein substantially 
homologous thereto. • 

The invention also concerns host cells 
transformed with a bacteriophage expression vector having 
an oligonucleotide library menbert joined in reading 
frane to the 5* region of a nucleotide sequence encoding 
an outer structural protein of the bacteriophage, wherein 
the library member encodes a peptide of at least about 
five to twenty-five amino acids* 

Generally, the oligonucleotide library of the 
invention comprises a variable codon region which encodes 
for the peptides of interest, and may optionally comprise 
sequences coding for one or more spacer amino acid 
residues, such as Gly. The variable region may be 
encoded by (NNK), or (NNS),, where N is A, C, 0 or T, X is 
G or T, S is 6 or C, and x is from 5 to at least about 8. 
In certain preferred embodiments the variable region of, 
the oligonucleotide library member encodes a hexa- 
peptide. The variable codon region may also be prepared 
from a condensation of activated trinucleotides. 



Brief Description of the Drawings 

Fig. 1 depicts the construction of an 
oligonucleotide library. (A) The vector fAFFl contains 
two non*complementary BstXI sites separated by 30 bp 
stuff er fragment. Removal of the BstXI fragment allows 
oriented ligation of oligonucleotides with the 
jappropriate cohesive ends. (B) The oligonucleotide ON- 
49 was annealed to two *'half*site" fragments to form 
cohesive termini complementary to BstXI sites 1 and 2 in . 
the vector. The gapped structure, where the single- 
stranded region comprises the variable hexacodon sequence 
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and a 2 (gly) codon spacer, was ligated to the vector and 
electron-transformed Into £• £fijJL* 

Fig. 2 depicts the a»lno acid sequences 
(deduced from DNA sequence) of tyiB K-terminal 
hexapeptides on pIII of infections phage randomly 
selected from the library. Sequences begin at the signal 
peptidase site. Single letter code for amino acids is A 
(Ala), C (Cys), 0 (Asp), E (Glu) , F (Phe), G (Gly), H 
(His), I (lie), K (Lys), L (Leu), M (Met), N (Asn) , P 
(Pro), Q (Gin), R (Arg) , S (Ser), T (Thr) , V (Val) , W 
(Trp), Y (Tyr). 

Fig. 3 illustrates the composite DNA sequence 
of the variable region of pools of (A) infectious phage 
from the library, and (B) phage recovered from 1, 2, or 3 
rounds of panning on mAB 3E7. Phage were amplified as 
tetracycline resistant colonies ahd DNA from a pool of 
phage derived from several thousand of these colonies was 
isolated and sequenced. The area of the sequencing gel 
corresponding to the cloning site in genelll is 
displayed. A sequencing primer was annealed to the phage 
DNA -40 bases to the 3* side of the cloning site. The 
actual readout of the gel is the sequence complementary 
to the coding strand. For clarity of codon 
identification, the lanes may be read as C, T, A, G, left . 
to right and 5* to 3*, top to bottom, to identify the 
sequence of the coding i-^) strand. 

Fig. 4 shows the amino acid sequences (deduced 
from DNA*sequence) of the N-terminal peptiides of pIII of 
51 phage isolated by three rounds of panning on mAB 3E7. 

Fig. 5 illustrates the results of phage 
sandwich ELISAs for YGGFL- and YAGFAQ-phage with 
biotinylated monoclonal antibody 3E7 IgG (Fig. 5A) or 3E7 
Fab fragments (Fig. SB) immobilized at maximal density on 
streptavidin coated wells and labeled polyclonal anti* 
phage antibodies to detect bound phage. 

Fig. 6 illustrates the results of phage 
sandwich ELISAs which compare the effect of 3E7 Fab 
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concentration at 5 nM (Fig. 6A) and 50 pM (Fig. 6B) and 
wash tines (ninutes) on recoveries of Y6GFL- and yagfaq- 
phage. 

Pig. 7 shows 3E7 Fab dissociation from phage 
bearing peptides of known affinity, YGGPL and YGFH6N. 



DCgCriPtlon of the Prefarr«a B"^ ;?ofl jm?ntn 

Methods and coapositlohs are provided for 
identifying peptides idiich bind to receptor molecules of 
interest. The peptides are produced from oligonucleotide 
libraries which encode peptides attached to a 
bacteriophage structural protein. A method of affinitj 
enrichment allows a very large library of peptides to be 
screened and the phage carrying the desired peptide (s) 
selected. The nucleic acid may then be isolated from the 
phage and the variable region of the oligonucleotide 
library member sequenced, such that the amino acid 
sequence of the desired peptide is deduced therefrom. 
Using these methods a peptide Identified as having a 
binding affinity for the desired molecule may then be 
synthesized in bulk by conventional means. 

By identifying the peptide jis novo one need not. 
know the sequence or structure of the receptor molecule 
or the sequence of its natural binding partner, indeed, 
for many "receptor" molecules a binding partner has not 
yet been identified, a significant advantage of the 
present invention is that no prior information regarding 
an expected ligand structure is required to isolate 
peptide ligands of interest. The peptide identified will 
thus have biological activity, which is meant to include 
at least specific binding affinity for a selected 
receptor molecule, and in some instances will further 
include the ability to block the binding of other 
compounds, to stimulate or inhibit metabolic pathways, to 



.tl 



act as a signal or messenger, to stiaulate or inhibit 
cellular activity, and the like. 

The number of possible receptor molecules for 
which peptide ligands may be identified by means of the 
5 present invention is virtually unlimited. For example, 

the receptor molecule may be an antibody (or a binding 
portion thereof) • The antigen to which the antibody 
binds may be known and perhaps even sequenced » in which 
case the invention may be used to map epitopes of the 

10 antigen. If the antigen is unknown, such as with certain 

autoimmune diseases, for example, sera or other fluids 
from patients with the disease can be used in the present 
methods to identify peptides, and consequently the 
antigen which elicits the autoimmune response. It is 

15 also possible using these methods to tailor a peptide to 

fit a particular individual's disease, once a peptide 
has been identified it may itself serve as, or provide 
the basis for, the development of a vaccine, a 
therapeutic agent, a diagnostic reagent, etc. 

20 The present invention can identify peptide 

ligands for a wide variety of substances in addition to 
antibodies. These include, by way of example and not 
limitation, growth factors, hormones, enzymes, 
interferons, interleukins, intracellular and 

25 intercellular messengers, lectins, cellular adhesion 

molecules and the like, as well as the ligands for the 
corresponding receptors of the aforementioned molecules. 
It will bo recognised that peptide ligands may also be 
identified by the present invention for molecules which 

30 are not peptides or proteins, e.g., carbohydrates, non- 

protein organic compounds, metals, etc. Thus, although 
antibodies are widely available and conveniently 
manipulated, they are merely representative of receptor 
molecules for which peptide ligands can be identified by 

35 means of the present invention. 

An oligonucleotide library, prepared according 
to the criteria as described herein, is inserted in an 
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appropriate vector encoding a bacteriophage structural 
protein, preferably an accessible phage protein, such as 
a bacteriophage coat protein. Although one skilled in 
the art will appreciate that a variety of bacteriophage 
nay be employed in the present invention. In preferred 
enbodinents the vector is, or is derived from, a 
filamentous bacteriophage, such as, for example, fi, fd, 
Pfl, Ml 3, etc. In a more preferred embodiment the 
filamentous phage is td, and contains a salectable marker 
such as tetracycline (e.g., "fd-tet") . The fd-^tet vector 
has been extensively described in the literature. See, 
for example, Zaeher et al., fisns 9:127-140 (1980), Smith 
et al., SsiaasA 228:1315-1317 (1985) and Pamley and 
Smith, fifiDfi 73:305-318 (1988), each Incorporated by 
reference herein. 

The phage vector Is chosen to contain or Is 
constructed to contain a cloning site located In the 5 • 
region of the gene encoding the bacteriophage structural 
protein, so that the peptide is accessible to receptors 
In an affinity selection and enrichment procedure as 
described below. As the structural phage protein Is 
preferably a coat protein. In phage fd the preferred coat 
protein Is plli. Each filamentous fd phage is known to 
have up to four or five copies of the plll protein. 

An appropriate vector allows oriented cloning 
of the oligonucleotide sequences which encode the peptide 
so that the peptide is expressed at or within a distance 
of about 100 amino acid residues of the N-terminus of the 
mature coat protein. The coat protein is typically 
expressed as a preproteln, having a leader sequence. 
Thus, desirably the oligonucleotide library is Inserted 
so that the H-terminus of the processed bacteriophage 
outer protein is the first residue of the peptide, i.e., 
between the 3 '-terminus of the sequence encoding the 
leader protein and the 5* -terminus of the sequence 
encoding the mature protein or a portion of the 5* 
terminus. 



wo 91/19818 



PCrAB91/04384 



9 

The library is constructed by cloning an 
oligonucleotide which contains the variable region of 
library members (and any spacers, framework determinants, 
etc. as discussed below) into the selected cloning site. 
Using known recombinant DMA techniques (see generally, 
Sambrooke et al.. Molecular Cloninri, A Laboratory Manual. 
2d ed. , Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, H.Y., 1969, incorporated by reference herein), an 
oligonucleotide may be constructed which, inter alia , 
removes unwanted restriction sites and adds desired ones, 
reconstructs the correct portions of any sequences which 
have been removed (such as a correct signal peptidase 
site, for example) , inserts the spacer conserved or 
framework residues, if any, and corrects the translation 
frame (if necessary) to produce active, infective phage. 
The central portion of the oligonucleotide will generally 
contain one or more of the variable region domain (s) and 
the spacer or framework residues. The sequences are 
ultimately expressed as peptides (with or without spacer 
or framework residues) fused to or in the N-terminus of 
the mature coat protein on the outer, accessible surface 
of the assembled bacteriophage particles. 

The variable region domain of the 
oligonucleotide comprises the source of the library. The 
siae of the library will vary according to the number of 
variable codons, and hence the size of the peptides, 
which are desired. iCenerally the library will be at 
least about 10^ members, usually at least 10^, and 
typically 10* or more members. To generate the collection 
of oligonucleotides which forms a series of codons 
encoding a random collection of amino acids and which is 
ultimately cloned into the vector, a codon motif is used, 
such as (HMK)^, where N may be A, C, G, or T (nominally 
eguimolar) , K is 6 or T (nominally equimolar) , and x is 
typically up to about 5, 6, 7, or 8 or more, thereby 
producing libraries of penta-, hexa-, hepta-, and octa- 
peptides or more. The third position may also be G or C, 
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designated ^S*^. Thus, NNK or NHS (1) code for all the 
amino acids, (11) code for only one stop codon, and (111) 
reduce the range of codon bias fron. 6:1 to 3:1. It 
should be understood that with longer peptides the size 
of the library which is generated nay become a constraint 
in the cloning process and thus the larger libraries can 
be sampled, as described herelnbelov. The expression of 
peptides from randomly generated mixtures of 
oligonucleotides in appropriate recombinant vectors is 
discussed in Ollphant et aX., Gene 44:177*183 (1986), 
incorporated herein by reference* 

An exemplified codon motif (NNK)^ produces 32 
codons, one for each of 12 amino acids, two for each of 
five amino acids, three for each of three amino acids and 
one (amber) stop codon. Although this motif produces a 
codon distribution as equitable as available with 
standard methods of oligonucleotide synthesis, it results 
in a bias against peptides containing one-codon residues* 
For example, a complete collection of hexacodons contains 
one sequence encoding each peptide made up of only one* 
codon amino acids, but contains 729 (3^) sequences 
encoding each peptide with only three*codon amino acids* 

An alternative approach to minimize the bias against 
one-codon residues involves the synthesis of 20 activated 
trl-nucleotides, each representing the codon for one of 
the 20 genetically encoded amino acids. These are 
synthesized by conventional means, removed from the 
support but maintaining the base and 5-HO-protectlng 
groups, and activating by the addition of 3*0- 
phosphoramidite (and phosphate protection with b* 
cyanoethyl groups) by the method used for the activation 
of mononucleosldes, as generally described in McBride and 
Caruthers, Tetrahedron tietters 22:245 (1983), which is 
Incorporated by reference herein. Degenerate 
"oligocodons" are prepared using these trlmers as 
building blocks. The trlmers are mixed at the desired 
molar ratios and Installed in the synthesizer. The 
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raclos will usually be approximately eguinolar, but nay 
h% a controlled unequal ratio to obtain the over- to 
under-representation of certain amino acids coded for by 
the degenerate oligonucleotide collection. The 
condensation of the trimers to form the oligocodons is 
done essentially as described for conventional synthesis 
employing activated mononucleosides as building blocks. 
See generally . Atkinson and Smith, Qllgo nueleotide 
Synthesi s. M.J. Gait, ed. p35-82 (1984). Thus, this 
procedure generates a population of oligonucleotides for 
cloning that is capable of encoding an eqpial distribution 
(or a controlled unequal distribution) of the possible 
peptide sequences. This approach nay be especially 
useful in generating longer peptide sequences, since the 
range of bias produced by the (NNK)^ notif increases by 
three-fold with each additional anino acid residue. 

Khen the codon notif is (NNK)^, as defined 
above, and when x equals 8, there are 2.6 x 10^^ possible 
octa-peptides. A library containing most of the octa- 
peptides may be difficult to produce. Thus, a sampling 
of the octa«>peptides nay be accomplished by constructing 
a subset library using of about .1%, and up to as much as 
1%, 5% or 10% of the possible sequences, which subset of 
recombinant bacteriophage particles is then screened. As 
the library else increases, smaller percentages are 
acceptable. If desired, to extend the diversity of a 
subset library the recovered phage subset may be 
subjected to mutagenesis and then subjected to subsequent 
rounds of screening. This mutagenesis step may be 
accomplished in twp general ways: the variable region of 
the recovered phage nay be mutagenized, or additional 
variable amino acids may be added to the regions 
adjoining the initial variable sequences. 

A variety of techniques can be used in the 
present invention to diversify a peptide library or to 
diversify around peptides found in early rounds of 
panning to have sufficient binding activity. In one 
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approach, the positive phage (those identified in an 
early round of panning) are sequenced to detemlne the 
Identity of the active peptides. Oligonucleotides are 
then synthesized based on these peptide sequences, 
enploying a low level of all bases incorporated at each 
step to produce slight variations of the prinary 
oligonucleotide sequences. This nixture of (slightly) 
degenerate oligonucleotides is then cloned into the 
affinity phage as described herein. This method produces 
systematic, controlled variations of the starting peptide 
sequences, it requires, however, that individual 
positive phage be sequenced before mutagenesis, and thus 
is useful for expanding the diversity of snail numbers of 
recovered phage. 

Another technique for diversifying around the 
recognition kemal of the selected phage-peptide involves 
the subtle mislncorporation of nucleotide changes in the 
peptide through the use of the polymerase chain reaction 
(PCR) under low fidelity conditions. A protocol of Leung 
at al.. Techn i que l:ll-l5 (1989) alters the ratios of 
nucleotides and the addition of manganese ions to produce 
a 2% mutation frequency. Yet another approach for 
diversifying the selected phage involves the mutagenesis 
of a pool, or subset, of recovered phage. Phage 
recovered from panning are pooled and single stranded DNA 
is Isolated. The DNA is nutagenized by treatment with, 
e.g., nitrous acid, formic acid, or hydrazine. These 
treatments produce a variety of damage in the DNA. The 
damaged DNA is then copied with reverse transcriptase 
which mlsincorporates bases when it encounters a site of 
damage. The segment containing the sequence encoding the 
variable peptide is then Isolated by cutting with 
restriction nuclease (s) specific for sites flanking the 
variable region. This mutagenized segment is then 
recloned into undamaged vector DNA in a manner similar to 
that described herein. The DNA is transformed into cells 
and a secondary library is constructed as described. The 
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general nutagenesis method Is described in detail in 
Myers, et al., Nucl> Acids Res. 13:3131-3145 (1985), 
Myers et al., science 229:242-246 (1985), and Myers, 
Current Protocols in Molecular Bioley y Vol I, 8.3.1 - 
8.3.6r F. Ausebel, et al., eds, J. Wiley and Sons, New 
York (1989) t each of which are incorporated herein by 
reference. 

In the second general approach, that of adding 
additional amino acids to a peptide or peptides found to 
be active, a variety of methods are available* In one, 
the sequences of peptides selected in early panning are 
determined individually and new oligonucleotides, 
incorporating the determined sequence and an adjoining 
degenerate sequence, are synthesized. These are then 
cloned to produce a secondary library. 

In another approach which adds a second 
variable region to a pool of peptide«-bearing phage, a 
restriction site is installed next to the primary 
variable region. Preferably, the enzyme should cut 
outside of its recognition sequence, such as BspMI which 
cuts leaving a four base 5* overhang, four bases to the 
3* side of the recognition site. Thus, the recognition 
site may be placed four bases from the primary degenerate 
region. To insert a second variable region, the pool of 
phage DMA Is digested and blunt*ended by filling in the 
overhang with Klenow fragment. t)oiible*stranded, blunt- 
ended, degenerately synthesized oligonucleotide is then 
ligated into this site to produce a second variable 
region juxtaposed to the primary variable region. This 
secondary library is then amplified and screened as 
before. 

While in some instances it may be appropriate ^ 
to synthesize peptides having contiguous variable regions 
to bind certain receptors, in other caises it may be 
desirable to provide peptides having two or more regions 
of diversity separated by spacer residues. For example, 
the variable regions may be separated by spacers which 
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allow the diversity domains of the peptides to be 
presented to the receptor in different ways. The 
distance between variable regions nay be as little as one 
residue, sonetines five to ten and up to about 100 
residues. For probing a large binding site the variable 
regions may be separated by a spacer of residues of 20 to 
30 amino acids. The number of spacer residues when 
present will preferably be at least two, typically at 
least three or more, and often will be less than ten, 
more often less than eight residues. 

Thus, an oligonucleotide library having 
variable domains separated by spacers can be represented 
by the formula: 

(NNK) ^- (abc) ^- (NNK) ^ , 
where N and K are as defined previously (note that S as 
defined previously may be substituted for K) , and y + « 
is equal to about 5, 6, 7, 8, or more, a, b and c 
represent the same or different nucleotides comprising a 
codon encoding spacer amino acids, n is up to about 20 to 
30 amino acids or more. 

The spacer residues may be somewhat flexible, 
comprising oligo-glycine, for example, to provide the 
diversity domains of the library with the ability to 
interact with sites in a large binding site relatively 
unconstrained by attachment to the phage protein. Rigid 
spacers, such as, e.g., oligo-prollne, may also be 
inserted separately or in combination with other spacers, 
including Gly. it may be desired to have the variable 
domains close to one another and use a spacer to orient 
the variable domain with respect to each other, such as 
by employing a turn between the two sequences, as might 
be provided by a spacer of the sequence Gly-Pro-Gly, for 
example. To add stability to such a turn, it may be 
desirable or necessary to add Cys residues at either or 
both ends of each variable region. The Cys residues 
would then form disulfide bridges to hold the variable 
regions together in a loop, and in this fashion may also 
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serve to mimic a cyclic peptide. Of course, those 
skilled in the art will appreciate that various other 
types of covalent linkages for cyclization nay also be 
accomplished. 

5 The spacer residues described above can also be 

situated on either or both ends of the variable 
nucleotide region. For instance, a cyclic peptide may be 
accomplished without an intervening spacer, by having a 
Cys residue on both ends of the peptide. As above, 

10 flexible spacers, e.g., oligo-glycine, may facilitate 

interaction of the peptide with the selected receptors. 
Alternatively, rigid spacers may allow the peptide to be 
presented as if on the end of a rigid am, where the 
number of residues, e.g.. Pro, determines not only the 

15 length of the arm but also the direction for the arm in 

which the peptide is oriented. Hydrophilic spacers, made 
up of charged and/or uncharged hydrophilic amino acids, 
(e.g., Thr, His, Asn, Gin, Arg, Clu, Asp, Met, Lys, 
etc.), or hydrophobic spacers of hydrophobic amino acids 

20 (e.g., Phe, lieu, lie, Gly, Val, Ala, etc.) may be used to 

present the peptides to binding sites with a variety of 
local environments. 

Unless modified during or after synthesis by 
the translation machinery, recombinant peptide libraries 

25 consist of sequences of the 20 normal Ir^amino acids. 

While the available structural diversity for such a 
library is large, additional diversity can be introduced 
by a variety of means, such as chemical modifications of 
the amino acids. 

30 For exainnle, as one source of added diversity a 

peptide library of the invention can have its carboxy 
terminal amidated. Carboxy terminal amidation is 
necessary to the activity of many naturally occurring 
bioactive peptides. This modification occurs In yivo 

35 through cleavage of the N^C bond of a carboxy terminal 

Gly residue in a two-step reaction catalyzed by the. 
enzymes peptidylglycine alpha-^amidation monooxygenase 
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(PAM) and hydrox^'glycine aminotransferase (HGAT) • figfi, 
Elpper et al., J. BlOli ChglBi 266:7827-7833 (1991); 
Misuno et al., Biochem, Blophva. RftB, comm. 137(3): 984<- 
991 (1986); Murthy et al., ixJBlfllA-jChfinu. 261(4) ; 1815- 
1822 (1986); Katopodls et al,. Biochemistry 29:6115-6120 
(1990) ; and Young and Tamburlnl, Ji Am, ghftm. c:^^^ 
111:1933-1934 (1989), each of which are incorporated 
herein by reference. 

Carboxy terminal amidation can be made to a 
peptide library of the invention which has the variable 
region exposed at the carboxy terminus. Amidation can be 
performed by treatment with encymes, such as PAM and 
HGAT, In Yivp or In xi^, and under conditions conducive 
to maintaining the structural integrity of the bioactive 
peptide. In a random peptide library of the present 
invention, amidation will occur on a library subset, 
i.e., those peptides having a carboxy terminal Gly. A 
library of peptides designed for amidation can be 
constructed by introducing a Gly codon at the end of the 
variable region domain of the library. After amidation, 
an enriched library serves as a particularly efficient 
source of ligands for receptors that preferentially bind 
amidated peptides. 

Many of the C-terminus amidated bioactive 
peptides are processed from larger pro-hormoniis, where 
the amidated peptide is flanked at its C-termlnus by the 
sequence -Gly-Lys-Arg-X. . . (where X is any amino acid) . 
In the present invention, oligonucleotides encoding the 
sequence -Gly-Lys-Arg-X-Stop are placed at the 3» end of 
the variable oligonucleotide region. When expressed, the 
Gly-Lys-Arg-X is removed by In vivo or In vitro ensymatle 
treatment and the peptide library is carboxy terminal 
amidated as described above. 

Another means to add to the library diversity 
through carboxy terminal amidation Involves the use of 
proteins that typically have an exposed C terminus, i.e., 
a protein that crosses a membrane with its carboxy 
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terminus exposed on the extracellular side of the 
n«»iDbrane. In this embodiment the variable 
oligonucleotides region, having a stop codon in the last 
position, is inserted in the 3* end of a sequence vhich 
encodes C terminus exposed protein, or at least a portion 
of the protein that is responsible for the C-terminus out 
orientation. The transferrin receptor protein is an 
example of one such protein. This receptor has been 
cloned and sequenced, as reported in McClelland et al., 
Cell 39J267-274 (1984), incorporated herein by reference. 
An internal transmembrane segment of the transferrin 
receptor serves to orient the protein with its carboxy 
terminus out. When the cDNA is expressed, typically in 
eucaryotic cells, the random peptides are located 
extracellularly, having their amino terminus fused to the 
transferrin receptor and with a free carboxy terminus. 

For carboxy terminal peptide libraries, a COS 
cell expression cloning system can also be used and may 
be preferred in some circumstances. COS cells are 
transfected with a variable nucleotide library contained 
in an expression plasmid that replicates and produces 
mRNA extrachromosomally when transfected into COS cells. 
Transfected cells bearing the random peptides are 
selected on immobilized ligand or cells which bear a 
binding protein, and the plasmid is isolated (rescued) 
from the selected cells. The plasmid is then amplified 
and used to transfect COS cells for a second round of 
screening. Because the random oligonucleotides are 
inserted directly into the expression plasmid, much 
larger libraries (i.e., total number of novel peptides) 
are constructed. Of course, for each round of panning 
the plasmid needs to be rescued from the COS cells, 
transfected into bacteria for amplification, re*isolated 
and transfected back into COS cells. 

Other expression systems for carboxy terminal 
amidation of peptides of the invention can also be used. 
For example, the variable oligonucleotide sequences are 
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inserted into the 3» end of, e.g., the transferrin 
receptor cDNA contained in a baculovirus transfer vector. 
Viral ONA and transfer vector are co-trans f acted into 
insect cells (e.g., Sf9 cells) which are used to 
propagate the virus in culture. When transferrin 
receptor is expressed, cells harboring recombinant virus, 
i.e., those producing the transferrin receptor/variable 
peptide fusion protein, are selected using an anti- 
transferrin receptor monoclonal antibody linked to a 
particle such as magnetic microspheres or other substance 
to facilitate separation. The selected cells are further 
propagated, allowed to lyse and release the library of 
recombinant extracellular budded virus into the media. 

The library of recombinant virus is amplified 
(e.g., in Sf9 cells), and aliquots of the library stored. 
Sf9 cells are then infected with the library of 
recombinant virus and panned on immobilized target 
receptor, where the panning is timed to occur with 
transferrin receptor expression. The selected cells are 
allowed to grow and lyse, and the supernatant used to 
infect new Sf9 cells, resulting in amplification of virus 
that encodes peptides binding to the target receptor. 
After several rounds of panning and amplification, single 
viruses are cloned by a Sf9 cell plague assay as 
described in Summers and Smith, A Manual of Methods for 
Baculovirug Vectors and insect cell cuit^ny e Proeedur^fl , 
Texas Agricultural Experiment Station Bulletin No. 1555 
(1988), incorporated herein by reference. DNA in the 
variable oligonucleotide insert region is then sequenced 
to determine the peptides which bind to the target 
receptor. 

An, advantage of the baculoviziis system for 
peptide library screening is that expression of the 
transferrin receptor/random peptide fusion protein is 
very high (>1 millions receptors per cell) . A high 
expression level increases the likelihood of successful 
panning based on stoichiometry and/or contributes to 
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polyvalent interactions with an immobilized target 
receptor. Another advantage of the baculovirus system is 
that, similar to the peptide on phage method, infect ivlty 
is exploited to amplify virus which is selected by the 
panning procedure. During the series of pannings, the 
DHA does not need to be isolated and used for subsequent 
trans feet ions of cells. 

Other expression systems can be employed in the 
present invention. As eucaryotic signal sequences are 
operable in yeast and bacteria, proteins with a carboxy 
terminus out orientation « such as the transferrin 
receptor, can be appropriately expressed and oriented in 
yeast or bacteria. The use of yeast or bacteria allows 
large libraries and avoids potential problems associieited 
with amplification. 

Other modifications found in naturally 
occurring peptides and proteins can be. introduced into 
the libraries to provide additional diversity and to 
contribute to a desired biological activity. For 
example, the variable region library can be provided with 
codons which code for amino acid residues involved in 
phosphorylation, glycosylation, sulfation, isoprenylation 
(or the addition of other lipids) , etc. Modifications 
not catalyzed by naturally occurring enzymes can be 
Introduced by chemical means (under relatively mild 
conditions) or through the action of, e.g. , catalytic 
antibodies and the like. In most cases, an efficient 
strategy for library construction involves specifying the 
enzyme (or chemical) substrate recognition site within or 
adjacent to the variable nucleotide region of the library 
so that most members of the library are modified. The 
substrate recognition site added could be simply a single 
residue (e.g., serine for phosphorylation) or a complex 
consensus sequence, as desired. 

Conformational constraints, or scaffolding, can 
also be introduced into the structure of the peptide 
libraries. A number of motifs from known protein and 
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peptide structures can be adapted for this purpose. The 
method involves introducing nucleotide sequences that 
code for conserved structural residues into or adjacent 
to the variable nucleotide region so as to contribute to 
the desired peptide structure. Positions nonessential to 
the structure are allowed to vary. 

A degenerate peptide library as described 
herein can incorporate the conserved frameworks to 
produce and/or identify nenbers of families of bioactive 
peptides or their binding receptor elements. Several 
families of bioactive peptides are related by a secondary 
structure that results in a conserved '•framework, « which 
in some cases is a pair of cysteines that flank a string 
of variable residues. This results in the display of the 
variable residues in a loop closed by a disulfide bond, 
as discussed above. 

In some cases a more complex framework is 
shared among members of a peptide family which 
contributes to the bioactivity of the peptides. An 
example of this class is the conotoxins, peptide toxins 
of 10 to 30 amino acids produced by venomous molluscs 
known as predatory cone snails. The conotoxin peptides 
generally possess a high density of disulfide cross- 
linking. Of those that are highly cross'-llnked, most 
belong to two groups, mu and omega, that have conserved- 
primary frameworks as follows: 

CC.....C C CO; and 

omega c C CO C C 

The number of residues flanked by each pair of c's varies 
from 2 to 6 in the pepti'les reported to date. The side 
chains of the residues which flank the Cys residues are 
apparently not conserved in peptides with different 
specificity, as in peptides from different species with 
similar or identical specificities. Thus, the conotoxins 
have exploited a conserved, densely cross-linked motif as 
a framework for hypervariable regions to produce a huge 
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array of peptides with many different pharmacological 
effects. 

The nu and omega tlasses (with 6 C*8) have 15 
possible combinations of disulfide bonds. Usually only 
one of these conformations is the active ("correct**) 
form. The correct foldin-;^ of the peptides may be 
directed by a conserved 40 residue peptide that is 
cleaved from the N-terminus of the conopeptide to produce 
the small, mature bioactive peptides that appear in the 
venom. 

With 2 to 6 variable residues between each pair 
of C*s, there are 125 (5*) possible frameworlc arrangements 
for the mu class (2,2,2, to 6,6,6), and 625 (5*) possible 
for the omega (2,2,2,2 to 6,6,6,6). Randomizing the 
identity of the residues within each framework produces 
lO" to >10** peptides. "Cono-like" peptide libraries are 
constructed having a conserved disulfide framework, 
varied numbers of residues in each hypervariable region, 
and varied identity of those residues. Thus, a sequence 
for the structural framework for use in the present 
invention comprises Cys-cys-y-Cys-*Y*Cys«Cys, or Cys-Y- 
Cys-Y-Cys-Cys-Y-cys-Y-Cys, wherein Y is (NNK)^ or (NNS)^, 
and where N is A, C, G or T, K is 6 or T, S is G or C, 
and X is from 2 to 6. 

Other changes can be introduced to provide 
residues that contribute to the peptide structure, around 
which the variable amino acids are encoded by the library 
members. For example, these residues can provide for e- 
helices, a helix-tum-helix structure, four helix 
bundles, etc., as described. 

Another exemplary scaffold structure takes 
advantage of metal ion binding to conformationally 
constrain peptide structures. Properly spaced invariant 
metal ligands (cysteines and histidines) for certain 
divalent cations (e.g., zinc, cobalt, nickel, cadmium, 
etc.) can tee .specifically incorporated into the peptide 
libraries. Depending on the particular motif specified 
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these can result (in the case of zinc coordination, for 
example) in zinc loopf), zinc fingers, zinc twists, or 
cino clusters, as generally described in Berg f J. Biol. 
Chen , 265S6513-6516 (1990)), Green et al. (P roc. Matl, 
Acad, Sci, USA , 86:4047-4051 (1989)), Parraga et al. 
(SfiifilJCfi 241:1489-1492 (1988)), Regan et al. (fiifiChfiffl. r 
29:10878-10883 (1990)), and Vail ee et al. ( Proc. Natl, 
ACfld> S0i» VSh0 881999-1003 (1991)), each incorporated 
herein by reference. Other DMA binding peptides, such as 
those which correspond to the transcriptional 
transactive tors referred to as leucine zippers, can also 
be used as a frameworlc, where leucine residues are 
repeated every seven residues in the motifs, and the 
region is adjacent to an alpha helical region- rich in 
lysines and arginines and characterized by a conserved 
helical face and a variable helical face. 

Other specialized forms of structural 
constraints, can also be used in the present invention. 
For example, certain serine proteases are inhibited by 
small proteins of conserved structure (e.g., pancreatic 
trypsin inhibitor) • This conserved f ramewor)c can 
incorporate degenerate regions as described herein to 
generate libraries for screening for novel protease 
inhibitors. 

Zn another aspect related to framewor)cs for a 
peptide library, information from the structure of known 
llgands can be used to find new peptide ligands having 
features modified from those of the )cnown ligand. In 
this embodiment, fragments of a gene encoding a known 
ligand, prepared by, e.g., limited DNAse digestion into 
pieces of 20 to 100 base pairs, are subcloned into a 
variable nucleotide region system as described herein 
either singly or in random combinations of several 
fragments* The fragment library is then screened in 
accordance with the procedures herein for binding to the 
receptor to identify small peptides capable of binding to 
the receptor and having characteristics which differ as 
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desired from the parental peptide ligand. This is useful 
for screening for any receptor-ligand interaction where 
one or both nembers are encoded by a gene, e.g., growth 
factors, homones, cytokines and the like, such as 
insulin, interleukins, insulin-like growth factor, etc. 

The peptide-phage libraries of the present 
invention can also be used to determine the site 
specificity of enzymes that modify proteins, e.g., the 
cleavage specificity of a protease. For example, factor 
cleaves after the sequence lle-Glu-Gly-Arg. A library 
of variable region codons as described herein is 
constructed having the structure: signal sequence — 
variable region~Tyr-Gly-Gly-Phe-Leu~plii . Phage from 
the library are then exposed to factor X and then panned 
on an antibody (e.g., 3E7), which is specific for N- 
terminally exposed Tyr-Gly-Gly-Phe-Leu. A pre-cleavage 
panning step with 3E7 can be employed to eliminate clones 
cleaved by Sfili proteases, only members of the 
library with random sequences compatible with cleavage 
with factor x^ are isolated after panning, which sequences 
mimic the IleHSlu-Gly-Arg site. 

Another approach to protease substrate 
identification involves placing the variable region 
between the carrier protein and a reporter sequence that 
is used to immobilize the complex (e.g., Tyr-Gly-Gly-Phe- 
l^n). Libraries are immobilized using a receptor that 
binds the reporter sequence (e.g., 3E7 antibody). Phage 
clones having sequences compatible with cleavage are 
released by treatment with the desired protease. 

Some peptides, because of their size and/or 
sequence, may cause severe defects in the infect ivity of 
their carrier phage. This causes a loss of phage from 
the population during reinfection and amplification 
following each cycle of panning. To minimize problems 
associated with defective infect ivity, DNA prepared from 
the eluted phage is transformed into appropriate host 
cells, such as, e.g., cali, preferably by 
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electroporation, as described In, for example. Dower et 
al,, Nucl. Acids Res> 16:6127-6145 (19B8), incorporated 
herein by reference, or by well known chemical means. 
The cells are cultivated for a period of time sufficient 
for marker expression, and selection is applied as 
typically done for DNA transformation. The colonies are 
amplified, and phage harvested for affinity enrichment as 
described below. Phage identified in the affinity 
enrichment can be re-amplified in additional rounds of 
propagation by infection into appropriate hosts. 

The successful transformants are typically 
selected by growth in a selective medium or under 
selective conditions, e.g., an appropriate antibiotic, 
which, in the case of the fd-tet vector, is preferably 
tetracycline. This may be done on solid or in liquid 
growth medium. For growth on solid medium, the cells are 
grown at a high density (-10* to 10^ tfs per m^) on a 
large surface of, for example i L-agar containing the 
selective antibiotic to form essentially a confluent 
la%m. The cells and extruded phage are scraped from the 
surface and phage are prepared for first round of panning 
essentially as described by Pamley and Smith, Gene 
73:305-318 (1988). For growth in liquid culture, cells 
may be grown in L-broth and antibiotic through about 10 
or more doxiblings. The phage are harvested by standard 
procedures (see Sambrooke et al.. Molecular Cloning . 2nd 
ed. (1989) , supra . for preparation of M13 phage) as 
described below. Growth in liquid culture may be more 
convenient because of the size of the libraries, while 
growth on solid media likely provides less chance of bias 
during the amplification process. 

For affinity enrichment of desired clones, 
generally about 10^ to 10^ library equivalents (a library 
equivalent is one of each recombinant; 10^ equivalents of 
a library of lO' members is lo' x 10^ » 10^^ phage) , but 
typically at least lo' library equivalents but up to about 
10* to 10*, are incubated with a receptor (or portion 
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thereof) to which the desired peptide is sought. The 
receptor is in one of several forms appropriate for 
affinity enrichment schemes. In one example the receptor 
is immobilized on a surface or particle, and the library 
of phage bearing peptide is then panned on the 
immo?3ilized receptor generally according to the procedure 
described belot*. 

A second example of receptor presentation is 
receptor attached to a recognizable ligand (which may be 
attached via a tether) • A specific example of such a 
ligand is biotin. The receptor, so modified, is 
incubated with the library of phage and binding occurs 
with both reactants in solution. The resulting complexes 
are then bound to streptavidin (or avidin) through tihe 
biotin moiety. The streptavidin may be immobilized on a 
surface such as a plastic plate or on particles, in which 
case the complexes 

(phage/peptide/receptor/biotin/streptavidin) are 
physically retained; or the streptavidin may be labelled, 
with a fluorophore, for example, to tag the active 
phage/peptide for detection and/or isolation by sorting 
procedures, e.g., on a fluorescence-activated cell 
sorter. 

Phage which express peptides without the 
desired specificity are removed by washing. The degree 
and stringency of washing required will be determined for 
each receptor/peptide of interest. A certain degree of 
control can be exerted over the binding characteristics 
of the peptides recovered by adjusting the conditions of 
the binding incubation and the subsequent washing. The 
temperature, pH, ionic strength, divalent cation 
concentration, and the volume and duration of the washing 
will select for peptides within particular ranges of 
affinity for the receptor. Selection based on slow 
dissociation rate, which is usually predictive of high 
affinity, is the most practical route. This may be done 
either by continued incubation in the presence of a 
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saturating amount of free llgand, or by increasing the 
volune, number, and length of the washes. In each case, 
the reblnding of dissociated peptide-phage is prevented, 
and with increasing tine, peptide*phage of higher and 
5 higher affinity are recovered. Additional modifications 

of the binding and washing procedures may be applied to 
find peptides which bind receptors under special 
conditions. 

Although the phage screening method is highly 
10 specific, the procedure generally does not discriminate 

between peptides of modest affinity (micromolar 
dissoelation constants) and those of high affinity 
(nanomolar dissociation constants or greater) . The 
ability to select phage bearing peptides with relatively 
15 low affinity may be result of multivalent Interaction 

between a phage/peptide particle and a receptor. For 
instance, when the receptor is an ZgG antibody, each ^ 
phage bearing peptides may bind to more than one antibody 
binding site, either by a single phage binding to both 
20 sites of single igG molecule or by forming network of 

phage*IgG, which multivalent interaction produces a high 
avidity and tenacious adherence of the phage during 
washing. 

To enrich for the highest affinity peptide 
25 ligands, a substantially monovalent interaction between 

phage and the receptor (typically immobilized on a solid- 
phase) may thus be appropriate* The screening 
(selection) with substantially monovalent interaction can 
be repeated as part of additional rounds of amplification 
30 and selection of bacteriophage. Thus, under these 

circumstances the receptor molecule is substantially 
monovalent, such as the Fab binding fragment of an 
antibody molecule. 

A strategy employing a combination of 
35 conditions favoring multivalent or monovalent 

interactions can be used to advantage in producing new 
peptide ligands for receptor molecules. By conducting 
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the first rounds of screening under conditions to promote 
multivalent interactions, high stringency washing can be 
used to grreatly reduce the background of non-specifically 
bound phage. This high avidity step nay select a large 
pool or peptides with a vide range of affinities , 
including those with relatively low affinity. It may 
select for specific recognition kernels , such as the Tyr- 
Gly dipeptide described in the examples below. 
Subsequent screening under conditions favoring 
increasingly monovalent interactions and isolation of 
phage based on a slow dissociation rate may then allow 
the identification of the highest affinity peptides. 
Monovalent interactions may be achieved by employing low 
concentrations of receptor (for example, from about 1 to 
100 pM). 

It should be noted that, as an aspect of the 
present invention, determining a dissociation rate for a 
peptide of interest and the selected receptor molecule 
under substantially monovalent conditions allows one to , 
extrapolate the binding affinity of the peptide for the 
receptor. This procedure avoids the necessity and 
inconvenience of separately determining binding 
affinities for a selected peptide, which could be 
especially burdensome if a large number of peptides have 
been selected. 

Once a peptide sequence that imparts some 
affinity and specificity for the receptor molecule is 
known, the diversity around this "recognition kernel" may 
be embellished. For instance, variable peptide regions 
nay be placed on one or both ends of the identified 
sequence. The known sequence may be identified from the 
literature, as in the case of Arg-Gly-Asp and the 
integrin family of receptors, for example, as described 
in Ruoslahti and Pierschbacher, Science 238:491-497 
(1987), or may be derived from early rounds of panning in 
the context of the present invention. 
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Libraries of peptides on phage produced and 
screened according to the present invention are 
particularly useful for napping antibody epitopes.. The 
ability to sample a large number of potential epitopes as 
described herein has clear advantages over the methods 
based on chemical synthesis now in use and described in, 
among ;>thers, Geysen et al., J. Immunol. Meth. 102:259«- 
274 (1987)* In additioni these libraries are useful in 
providing new Uganda for important binding molecules, 
such as hormone receptors, adhesion molecules, enzymes, 
and the like. 

Accordingly, the following examples are offered 
by vay of Illustration, not by way of limitation. 

EXAMPLE I 

R?ftqCTtff ftnfl Strain? 

BstXI restriction endonuclease , T4 ONA ligase. 
and T4 kinase were obtained from New England Biolabs. 
Streptavidin and biotinylated goat anti-mouse IgG were 
obtained from BRL. Seguenase 2.0 was obtained from U.S. 
Biochemical. Monoclonal antibody 3E7 used in initial 
studies was provided by A. Herz and is described in Meo 
et al., IniCA*, incorporated herein by reference, and was 
also purchased from Gramsch Laboratories (Schwabhausen, 
West Germany) . l"*l-tyr**lb-endorphin (2000 Ci/mmol) was 
purchased from Amersham Corp. (Arlington Heights, IL) . 
Oligonucleotides were synthesized with an Applied 
BioSy stems PCR-Mate and purified on OPC columns (ABI) • 
Peptides were synthesized with an Applied BioSystems 431A 
(Poster City, CA) or Biosearch model 9600 (San Rafael, 
CA) synthesizer and purified to greater than 95% purity 
by reverse phage HPLC. Peptide content of the pure 
peptides was determined by amino acid analysis and the 
composition was verified by FAB-MS. Bacteriophage fd-tet 
And £. coli K91 were provided by G. Smith, Univ. of 
Missouri, Columbia, MO 65211, and are described in, among 
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others, Zacher et al.. Gene 9:127-140 (1980), Smith et 
al., £sifiacfi 228:1315-1317 (1985) and Pamley and Smith, 
fifinfi 731305*318 (1988). 

Construction of Vector fAFFl 

A filamentous bacteriophage vector was 
constructed from the tetracycline resistance transducing 
vector fdTet, described in Zacher et al*, auprg . The 
vector, designated fAFFl, was designed to provide many 
choices in the size and location of the peptides 
expressed fused to the pIII bacteriophage coat protein, 
plll is made as a preprotein with an 18 amino acid leader 
sequence that directs pIII to the inner membrane of the 
bacterial host cell before it becomes assembled into an 
intact phage particle (Goldsmith and Konigsberg, Biochem. 
16:2686-2694 (1977) and Boeke and Model, Proe. Watl, 
Acad. Sei, PSA 79:5200-5204 (1982) incorporated herein by 
reference) • As explained further below, a peptide 
library was constructed by cloning an oligonucleotide of 
the structure shorn in Fig. IB to place the variable 
hexapeptide region at the N-terminus of the processed 
protein. These first six residues are followed by two 
glycines and then the normal sequence of pIIX* The 
library consists of about 3 x 10* independent 
recombinants. 

A cloning site, consisting of two non- 
complementary BstXX sites, was engineered into the 5»- 
region of gene III. As shown in Pig. lA, two non- 
complementary BstXI sites flank the region encoding amino 
acids surrounding the signal peptidase site (the N- 
terminus of the mature pIII) . fAFFl also has a -i 
frameshift mutation in plll that results in non-infective 
phage. By removing the BstXI fragment and inserting an 
oligonucleotide of the appropriate structure, (a) 
portions of the removed sequence can be precisely 
reconstructed (the correct signal peptide site, for 
example,) (b) one or more additional amino acids may be 
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•xpressed at several locations, and (c) the correct 
translation frane is restored to produce active, 
infective pXXl. 

Construction of the cloning site at the 5'- 
region of gene III was accomplished by first removing a 
BstXX restriction site already present in the TNIO region 
of fdTet, RF DNA was digested with BstXI restriction 
endonuclease, and T4 DNA polymerase was added to remove 
the protruding 3« termini. Blunt-ended molecules were 
then ligated and transformed into MC1061 cells, RF DNA 
isolated from several tetracycline resistant 
transfonnants was digested again with BstXI; a clone that 
was not cleaved was selected for construction of the 
double BstXI site. Site-directed mutagenesis (Kunkel et 

M^tht EnZYTOQlt 154:367-382 (1987), incorporated by 
reference herein) was carried out with the 
oligonucleotide 5«-TAT GAG GTT TTG CCA GAC AAC T6G AAC 
AGT TTC AGC GGA GTG CCA GTA GAA TGG AAC AAC TAA AGG. 
Insertion of the correct mutagenic sequence was confirmed 
by dideoscy sequencing of RP DNA isolated from several 
tetracycline-resistant transformants. 

COngtn i CtiQn of a DWerse Oliaonueleot^irtA Library 

Oligonucleotides which were cloned have the 
general structure shown in Fig. IB. The 5' and 3« ends 
have a fixed sequence, chosen to reconstruct the amino 
acid sequence in the vicinity of the signal peptidase 
site. The central portion contained the variable regions 
which comprise the oligonucleotide library members, and 
may also code for spacer residues on either or both sides 
of the variable sequence. 

A collection of oligonucleotides encoding all 
possible hexapeptides was synthesized with the sequence 
5"-C TCP CAC TCC (NNK)^ GGC GGC ACT GTT GAA AGT TGT-3 • . 
N was A, C, G, and T (nominally equimolar) , and K was G 
and T (nominally equimolar). This sequence, designated 
ON-49, was ligated into the BstXI sites of fAFFl after 
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annealing to two **half-8lte'* oligonucleotides, ON-28 (S*- 
6GA 6T6 A6A 6TA GA-3') and ON-29 (5*-CTT TCA ACA 6T-3*), 
which are complementary to the 5'- and 3*- portions of 
OM-49, respectively. ••Half-site" oligonucleotides anneal 
to the 5*-^ and 3*- ends of oligonucleotide ON-49 to form 
appropriate BstXI cohesive ends. This left the 
appropriate BstXl site exposed without the need to digest 
with BstXI, thus avoiding the cutting of any BstXI sites 
that might have appeared in the variable region. The 
vector fAFFl (100 Mg) was digested to completion with 
BstXI, heat inactivated at 65 *C, and ethanol precipitated 
twice in the presence of 2 M ammonium acetate. 
Oligonucleotides were phosphorylated with T4 kinase, and 
annealed in 20 mN Tris-HCl, pH 7.5, 2 mM HgCl^, 50 mM 
NaCl, by mixing 1.5 m9 ON-28, 1.2 /ig ON-29, .and 0.5 Mg 
ON-49 with 20 M9 BstXI -digested fAFFl RF DNA, heating to 
65 *C for 5 minutes and allowing the mixture to cool 
slowly to room temperature. This represented an 
approximate molar ratio of 1:5:100;J.00 (fAFFl vector: ON- 
49 X ON-28: ON-29). The annealed structure is then 
ligated to BstXI-cut fAFFl RF DNA to produce a double- 
stranded circular molecule with a small, single stranded 
gap. These molecules may be transformed into host cells. 
The annealed DNA was ligated in 20 mM Tris-HCl, pH 7.5, 5 
vM NgCl,, 2 uM DTT, 1 mN ATP, by the addition of 20 units 
of T4 DNA ligase and incubated overnight at 15 *C. 

Alternatively, before transformation, the gap 
may be filled-in under conditions disfavoring secondary 
structure in the variable region. In some experiments 
the gapped circular structure created by this ligation 
was filled in with T4 DNA polymerase in the presence of 
ligase and dNTPs (400 each) to produce a covalently 
closed, double-stranded molecule (Kunkel et al., supra ) . 
The ligated DNA was ethanol precipitated in the presence 
of 0.3 N sodiiun acetate, resuspended in water, and 
transformed by electroporation into MC1061. Five 
electro-transformations, each containing 80 m1 of cells 
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and 4 fig of DNA (50 ^g/ml) , were performed by pulsing at 
12.5 kv/cm for 5 usee as described in bower et al., 
Muelele Aeida Res, 16:6127-6X45 (1988), incorporated by 
reference herein. After one hour of non-selective 
outgrowth at 37 in 2 ml of SCO medium (2% Bacto 
tryptone, 0.5% Bacto yeast extract, 10 mM MaCl, 2*5 nH 
KCl, 10 IBM MgCl^, 10 mH MgSO^, 20 mM glucose; see Hanahan, 
J> MQl. Biol. 166:557-580 (1983)), the transformations 
were pooled, an aliquot was removed, and several 
dilutions were plated on LB agar plates containing 
tetracycline (20 |ig/ml) to assess the transformation 
efficiency. The remainder was used to inoculate one 
liter of L-broth containing tetracycline (20 ^g/ml) and 
was grown through approximately 10 doublings at 27 to 
amplify the library. 

Isolation of Phage 

Phage from liquid cultures were obtained by 
clearing the supernatant twice by centrifugation (8000 
RFM for 10 min in JAIO rotor, at 4*), and precipitating 
phage particles with polyethylene glycol (final 
concentration 3.3% polyethylene glycol-BOOO, 0.4 M NaCl), 
and centrifuged as described above. Phage pellets were 
resuspended in TBS (50 mM Tris-HCl, pK 7.5, 150 m NaCl) 
and stored at 4*c. In some cases, phage were isolated 
from plate stocks by scraping from the agar surface, 
resuspending in L-broth, and purifying as described 
above. 

AttinitY PwlfigfttiPn 

Approximately lo' to 10^ library equivalents of 
phage were reacted overnight with 1 ^g of purified 
antibody in i ml TBS at 4*C. (Under these conditions, 
phage and antibody are about equimolar; therefore, 
antibody is in great excess over the phage ligand 
peptides.) Phage expressing peptides with affinity for 
mAb3£7 were isolated by a modification of the procedure 
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of Parnley and Smith, fiU££A. A 60 x 15 mm polystyrene 
petrl plate was coated with 1 ml of streptavidln solution 
(1 ng/ml streptavidln in 0.1 H HaHC03, pH 8.6, 0.02% NaN,) 
and incubated overnight at 4*C. The streptavidln 
solution was removed the following day« The plate was 
filled with 10 ml blocking solution (30 mg/ml BSA, 3 
Mg/ml streptavidln in 0.1 M NaHCO,, pH 9.2, 0.02% NaN3) 
and incubated for two hours at room temperature. 
Biotinylated goat anti-mouse IgG (2 Mg) was added to the 
antibody-reacted phage library and incubated for two 
hours at 4*C« Immediately before panning^ the blocking 
solution was removed from the streptavidin-coated plate, 
and the plate was washed 3 times with TBS/0.05% Tween 20. 
The antibody-reacted phage library was then added to <he 
plate and incubated for 30 min. at room temperature. The 
phage solution was removed and the plate was washed ten 
times with 10 ml TBS/0.05% Tween 20 over a period of 60 
min. at room temperature. Adherent phage were removed by 
adding BOO Ml of elution buffer (1 mg/ml BSA in 0.1 N HCl 
adjusted to pH 2.2 with glycine) to the petri plate and 
incubating for 10 min. to dissociate the immune 
complexes. The eluate was removed, nautralized by 
addition of 45 Ml of 2 M Tris base, and used to infect 
log phase £• coll K91 cells. 

The infected cells were then plated on LB agar 
plates containing tetracycline (20 Mg/ml) , and grown 
overnight at 37 *C. Phvige were isolated from these plates 
as described above and the affinity purification process 
was repeated for two more rounds # After each round of 
panning and amplification, DMA of phage from several 
thousand colonies was pooled and sequenced to estimate 
the diversity in the cloning site. In the first two 
positions of each codon, bands of about the same 
Intensity appeared in each lane, indicating the expected 
distribution of bases in these positions. In the third 
position of each codon the 6 band was somewhat more 
intense than the T band. 
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After the final round of panning and 
anplification, a portion of the eluate was used to infect 
cells that were plated at low density on LB tetracycline 
plates. To analyze the diversity of peptide sequences in 
the library in a nore direct way, we picked 52 individual 
colonies producing infectious phage, and sequenced the 
DNA of their variable regions. Individual colonies were 
picked and transferred to culture tubes containing 2 ml 
LB tetracycline and grown to saturation Phage DNA was 
isolated and then sequenced by a method designed for the 
Beckuan Biomek Workstation employing 96-well microtiter 
plates (Hardis and Roe, Biotechnioues 7:840-850 (1989), 
incorporated by reference herein) • Single stranded DNA 
was sequenced using Sequenase 2.0 and an oligonucleo^lde 
sequencing primer (5*-CGA TOT AAA GTT TTG TOG TCT-3') 
which is complementary to the sequence located 40 
nucleotides to the 3* side of the second BstXI site in 
fAFFl. 

The distribution of bases at each position 
within each eodon is given in Table 1. The first two 
positions of each codon have close to the expected 
equimolar distribution of the four bases. The third 
position is significantly biased, containing about 50% 
more G than T in this sample. This bias is most likely 
Introduced during the chemical synthesis of the 
oligonucleotide mixture, but may also reflect biological 
biases imposed on the expressed peptides. 
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Table 1: Nuelaotlde Distribution in the Diversity Region 
of Infectious Phage Randomly Selected from the Library. 

Frequency of each base by position in codon (%) ^ 
H N IL_ 



G 


31 


27 


59 


A 


22 


22 


<1 


T 


25 


26 


39 


C 


22 


24 


1 



In Fig. 2 /the amino acid sequences are listed for the 
peptides encoded by the oligonucleotide inserts of a 
sample of randomly selected, infectious phage. The amino 
acid content of the expressed peptides from the 52 
randomly selected infectious phage appears in Table 2. 
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Table 2: Amino Acid Content in the Variable Peptide of 52 
Randomly-Selected Infectious Phage 



Amino 

Obs/Nom 

Acid 

A 
1*42 

C 
0.89 

D 
1.11 

E 
1.00 

P 
1.33 

6 
1.74 

H 
0.78 

I 

0.67 

K 
1.78 

h 
1.25 

M 
1.11 

N 
0.78 

P 
0.47 

Q 
1.67 

R 
1.04 

S 

1.07 

T 
0.74 

V 
0.95 

W 
1.22 



Nominal 
Prequency 
0.065 
0.032 
0.032 
0.032 
0.032 

0.065 
0.032 
0.032 
0.032 
0.097 

0.032 
0.032 
0.065 
0.032 
0.097 

0.097 
0.065 
0.065 
0.032 



Nominal 
Occurrence 
19 
9 
9 
9 
9 

19 

9 

9 

9 
28 

9 

9 
19 

9 
28 

28 
19 
19 
9 



Observed 
Occurrence 
27 
8 
10 
9 
12 

33 

7 

6 
16 
35 

10 

7 

9 
15 
29 

30 
14 
18 
11 
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As shown in Table 2, the ratio of the observed 
occurrence of each amino acid to that expected on the 
basis of codon frequency ranges from about 0.5 to 2, 
5 consistent with a random distribution of secniences. 

Constructing a library of peptides displayed on 
the N-teminus of processed pXII necessarily alters amino 
acids in the vicinity of the signal peptidase cleavage • 
site. Certain changes in the corresponding region of the 

10 major coat protein, pVIII, have been shown to reduce 

processing efficiency, slowing or preventing the 
incorporation of pvill to virions. If pIII were 
similarly affected, the diversity of peptides contained 
in the library would be reduced. The finding that most 

15 amino acids appear at each position of tiie variable 

peptides of randomly selected phage indicates that 
processing defects do not impose severe constraints on 
the diversity of the library* 

Isolation and sequencing of phaoe having high avidity for 

20 anti-b-fflflorphin untibody* 

Monoclonal antibody 3E7 binds to B-endorphin 
and, like the ^-opioid receptor, recognizes the N* 
terminal portion of the protein (Tyr-Gly-Gly-Phe) , which 
is present on most natural opioid peptides. The. antibody 

25 also binds tightly to leu- and met-enkephalin (YGGFL, 

YGGFM) , and a variety of related opioid peptides (Meo et 
al., P^oc. Natl. Acad. Sci. USA 80:4084-4088 (1983), Herz 
et al.. Life Sciences 31:1721-1724 (1982), and Gramsch et 
al., J. Weurochem. 40:1220-1226 (1983). The N-terminal 

30 hexapeptide library was screened against 3E7 by carrying 

out three rounds of panning, elution, and amplification. 
The recoveries of phage from this process are shown in 
Table 3. In each round the proportion of phage adsorbed 
to the antibody increased by about 100-fold, and in the 

35 last round, over 30% of the input phage were recovered. 

These results indicated that phage were preferentially 
enriched in each panning step. 
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Table 3: Recovery of Phage from Panning on inAb3£7 

Rounds of Input of ' Eluted 

Recovery 

Panning Phage Phage 

Input/£luted 

1 4.0 X 10^^ 1.9 X 10^ 4.8 X 
10"* 

2 2.0 X 10^^ 5.0 X 10* 2.5 X 
10-' 



10-^ 



3 1.8 X 10^® 5.6 X 10* 3.1 X 



After each round of panning, DMA representing 
several thousand eluted phage was pooled and sequenced. 
The area of the sequencing gel corresponding to the 
insertion site in gene III is shown in Fig. 3. The codon 
TCC specifying the serine that precedes the variable 
region is indicated by an arrow. After the first round 
of panning, the codon following this serine was clearly 
enriched in TAT (the single codon for tyrosine) • After 
the second round, virtually all first codons in the 
pooled DHA appeared to be TAT. The second codons are 
strongly GGK (the two codons for glycine) ♦ After three 
rounds of panning, it appeared that phage containing 
relatively few kinds of amino acids in the first four 
positions had been selected, whereas the fifth and sixth 
positions appeared to be as diverse as those in the 
starting phage population. 

The DNA samples from 51 individual phage 
\:ecovered from the third panning were sequenced. The 
deduced amino acid sequences of the N-terminal 
hexapeptides are shown in Fig. 4 and the amino acid 
distributions of these peptides are svunmarized in Table 
4. Each of the 51 panned phages analyzed had an N- 
terminal tyrosine, and nearly all (94%) had a glycine in 
the second position. The third position in our sample is 
occupied by many amino acids, some of which are present 
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more often than would be expected by chance. The fourth 
position is occupied primarily by the large aromatic 
residues Trp and Phe (together 50%) « and the bulky 
hydrophobic residues Leu and lie (an additional 45%). 
The fifth and sixth positions contain essentially random 
distributions of amino acids, with only alanine appearing 
at slightly greater than chance in position five. 



Table 4: Distribution of Amino Acids in the Diversity 
Peptide of 51 Phage Selected by Panning 
With Anti-endorphin Antibody 



Residue Amino 
Enrichments*^ 

»o«ltieii Mid 


Nominal 


Observed 




1 


y 


.031 


1.00 


33 


2 


G 


.062 


0.94 


16 




A,S 






<1 


3 


G 


.062 


0.31 


5 




W 


.031 


0.10 


3 




S 


.093 


0.21 


2 




A 


.062 


0.12 


2 




N 


.031 


0.06 


2 




D,E,F,K, 






<1 




L,M,P,T,V 






4 


W 


• 031 


0.31 


10 




F 


.031 


0.19 


6 




L 


• 093 


0.35 


4 




I 


• 031 


0.10 


3 




A,G,M 






<1 



a. Observed frequency divided by nominal frequency 



EXAMPLE II 
Binding Affinities of Peptides 
for Receptor Monoclonal Antibody 3E7 



wo 91/19818 



PCr/US91/04384 



40 

The affinity of peptides for the 3E7 antibody 
has been previously determined for those peptides related 
to naturally-occurring opioid peptides. Meo et al., 
fiUfiCa* As none of the peptides identified by the 
procedure described herein had been previously described, 
six of these peptides were chemically synthesized and 
their binding affinities estimated. 

The peptides were synthesized according to v^ll 
known protocols, as described in, for example, 
Kerrifield, Science 232s34l-347 (1986), incorporated by 
reference herein. A solution radioimmunoassay was used 
to estimate the binding affinities of peptides for mAb 
3E7. Solution radioimmunoassay using [^^^I]b-endcrphin 
(20,000 cpm) and purified 3£7 antibody (0.25 iig/ml) was 
conducted as described by Meo et al«, su py a. with the 
exception that the final volume was 150 Ml. Antibody- 
bound and free [^^'l]b«endorphin were separated by 
addition of activated charcoal followed by 
centrifugation, as described in Ghazarassian et al., LUfi 
Sciences 27:75-86 (1980). Antibody-bound ["'l]b- 
endorphin in the supernatant was measured in a gamma 
counter. For each peptide, inhibition of ["*I]b- 
endorphin was determined at six different concentrations 
at 1/3 log unit intervals and the 50% inhibitory 
concentration (IC50) was determined by fitting the data 
to a two-parameter logistic equation using the ALLFIT 
program, as described in Detean et al.. Am. J. Phvsiol. 
235:£97-E102 (1978). 

The previously reported high degree of 
specificity of the 3E7 antibody for the intact N-terminal 
epitope Tyr-Gly-Gly-Phe which is common to naturally 
occurring opioid peptides. Heo et al., supra , was 
verified. Removal of Tyr or deletion of any of the amino 
acids of the sequence Tyr-Gly-Gly-Phe-Leu had deleterious 
effect on binding affinity (Table 5) • 
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Shown in Table 5 are the IC50 tor the six 
peptides which were identified by the phage panning 
method and chemically synthesized. Under the conditions 
of the radioimmunoassay (30 pM ("*I]b-endorphin? 20% 
5 tracer bound; 18 hr. incubation) , the IC50 should be very 

close to the dissociation constant (Kd) for the peptide. 
The peptides are all relatively low affinity compared to 
YGGFL, with IC50*8 ranging from 0.35 to 8.3 mK. 



Table 5: Relative affinities of peptides for 3E7 antibody 
determined by solution radioimmunoassay.* 



Peptide 








Affinit]' 


N 


IC50 (MM) 


Relative to 










YGGFL 


YGGFL 


(6) 


0.0071 


(0.0054,0.0093) 


1 


YGGF 


(3) 


0.19 


(0.093,0.38) 
(2.1,6.6) 


0.037 


YGGL 


(3) 


3.8 


0.0018 


YGFL 


(3) 


28 


(17,47) 


0.00025 


YGG 


(2) 


>1000 


<0. 0000071 


6GFL 


(2) 


>1000 




<0. 0000071 


GGF 


(2) 


>1000 




<0. 0000071 


GFL 


(2) 


>1000 




<0. 0000071 


YGFWGM 


(3) 


0.35 


(0.19,0.63) 


0.020 


YGPFWS 


(3) 


1.9 


(1.3,2.8) 


0.0037 


YGGFPD 


(3) 


2.3 


(1.4,3.7) 


0.0031 


YGGWAG 


(3) 


7.8 


(6.0,10) 


0.00091 


YGNWTY 


(3) 


7.8 


(4.0,15) 


0.00091 


YAGFAQ 


(3) 


8.3 


(3.8,18) 


0.00086 



- Data are geometric means and 95% confidence intervals 
(calculated from S.E.M. of log IC50) from the number (N) 
of Independent determinations indicated. 

The data indicate that although the phage panning method 
is highly specific in that no unrelated peptides were 
selected, the procedure apparently does not discriminate 
between those of moderate (/iM Kd) and high (nM Kd) 
affinity. The six peptides chosen from among the 51 
clones that were sequenced were only a small subset of 
those which were seltcted by three rounds of panning. 
Based on their structural diversity, the phage library 
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should contain thousands of different peptides with 
dissociation constants that are MM or lower. 

. The panning procedure we have utilized employs 
extensive washing to remove non-specif ically bound phage. 
Binding experiments with mAb 3E7 and [^JYGGFL indicate a 
rapid dissociation rate, approximately t|y«45 seconds at 
room temperature. Therefore, the ability to select phage 
bearing peptides with relatively low affinities may be 
the result of multivalent interaction between phage and 
antibody, as each phage typically has up to 4 or 5 copies 
cf the plll protein and each protein may carry a foreign 
peptide from the phage library. 
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EXANPXiE III 

Selective Enrichment and Characterization of Hioh Affinity 



20 



25 



30 



35 



i^ioandfl from Collections of Random Peptides on Phage 

Phage bearing peptides YGGFL and YAGPAQ served 
as models to determine the effect of IgG and Fab 
concentration on the binding and recovery of phage 
bearing high (nM Kd) and low (mH Kd) affinity peptides. 

To determine the effect of polyvalency, a phage 
sandwich ELISA was developed which used polyclonal anti- 
phage antibodies to detect bound phage. Purified 
monoclonal antibody 3E7 was used as intact IgG and as Fab 
fragments (produced using a commercially available. Kit. 
(Pierce) , and biotinylated Fab fragments (Gramsch 
Laboratories) . No IgG was detected in Fab preparations 
when they were run on SDS-PAGE gels and stained with 
Cobmassie blue. Fab was iodinated by reacting S^g of Fab 
in 20 Ml of O.IN borate buffer (pH 8.5) with 250 liCi of 
{"*I]Bol ton-Hunter reagent (Amersham) for 3 hours and 
then purified by gel filtration on Sephadex G25. After 
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purification, the specific activity of the ["*]FAB was 
approximately 15 nCi/^q. 

Antisera were raised against phage particles 
lacking pill fAPPl, which, as described above, contains a 
frameshift in the 5' end of gene III and is produced as 
non-*infective polyphage. Cells from a two liter culture 
of JEj. fifili K91 were removed by centrifugation and media 
was mixed with 400 ml of 20% PEG in 0.5M NaCl. After 
incubation for 1 hr at 4 C. precipitated phage were 
isolated by centrifugation at 8500 rpm. The pellet was 
resuspended in TBS (50 mN Tris-HCl, 150 mM NaCl, pH 7.4) 
and ther. ultracentrifuged in a SW50 rotor at a 42,000 rpm 
for 3 hrs. The resulting pellet was resuspended in water 
and the concentration of phage was estimated according to 
the method of Day, J, mqI. Btoi. 39:265 (1969). 

Three rabbits were injected intramuscularly 
with 0.5 mg of phage in Freunds complete adjuvant and 
then boosted with 0.25 mg of phage in incomplete adjuvant 
at 3 week intervals. The titer of the sera was measured 
with an ELXSA using phage immobilized in Zmmulon 2 
microtiter wells as described above. All rabbits 
produced high titer sera after the second boost. Sera 
collected after the third boost from one of the rabbits 
was used for the assays. 

Antibodies reacting with phage were affinity 
purified as follows. Phage expressing native plll (Pd- 
tet) from a two liter culture were isolated (described 
above) and added to 20 ml of sera that was diluted 4-fold 
with PBS (10 mN sodium phosphate, 150 mM NaCl, pH 7.4). 
After Incubation for 2 hr at room temperature, 
phage/antibody complex was isolated by centrifugation for 
1 hr at 120,000 x g. The pellet was washed with 10 ml of 
PBS and centrifuged again. The final pellet was 
resuspended in 10 ml of 100 mM sodium acetate buffer pH 
2.5 and incxibated for 10 min. at room temp. The sample 
was subjected to same centrifugation and the resulting 
supernatant was neutralized with NaOH. IgG was then 
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Isolatad using Protein-A agarose (Pierce) according to 
the manufacturer's instructions. The IgG was conjugated 
to alkaline phosphatase using a commercially available 
kit (Pierce). 

The phage sandwich ELISAs were performed as 
follows. Microtiter wells were incubated with 100 iig/ml 
of streptavidin for 1 hr at 37 *c, then blocked with 200 
Ml of PBS /0.1% bovine serum albumin (BSA) for 1 hr. 
Biotinylated IgG (0.5 Mg/al) or biotiny3ated Fab (5 
fig/ml) (100 ml in PBS/0. 1% BSA) was added to the wells 
and incubated for an additional 1 hr at room temperature. 
Preliminary studies in which immobilized IgG or Fab was 
detected with goat anti-nouse IgG conjugated to alkaline 
phosphatase indicated that these conditions maximally* 
saturated the well with IgG or Fab. *ihe difference in 
concentration f er biotinylated IgG and Fab required for 
saturation of the streptavidin probably reflected 
differences in the .Traction of the protein that was 
biotinylated. 

After washing the wells with PBS, 50 ^1 of 
PBS/0. 1% BSA/0.05% Tween 20 or the same buffer containing 
200 YGGFL free peptide was added to the well and 
incubated for 20 min at room temperature. Phage (10^^ 
infectious particles in 50 m1 PBS/0.1% BSA/0.05 Tween 20) 
be«.ring the peptides YGGFL or YAGFAQ were added and 
incu>ated for 18 hr at 4 C. After washing with TBS/0.05% 
Tween 20, alkaline phosphatase anti-phage antibody (100 
Ml of 1:100 dilution) was added and incubated for 1 hr. 
at room temperature. After washing with TBS/0.05% Tween 
20, 100 Ml of alkaline phosphatase substrata (SIGKA) in 
diethanolamine buffer (pH 9.5) was added and the 
absorbance at 405 nm was measured 10 min. later. 

Shown in Fig. 5 are the results of this assay 
when either biotinylated IgG or Fab was immobilized at 
maximal density on streptavidin coated wells. Specific 
binding was detected for both YGGFL* and YAGFAQ-phage ; 
the data indicate that the amount of binding did not 
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differ when Ig6 and Fab were used. In combination with 
the data on monovalent dissociation rates of these 
peptides (see below) , this suggests that antibody binding 
sites for both IgG and Fab are in sufficient proximity to 
one another to allow simultaneous binding of more than 
one of the peptides expressed by each phage particle. 

The phage sandwich assay can also be used to 
determine the specificity and competitive nature of the 
interaction of peptide«*bearing phage with immobilized 
antibody. In practice , an important aspect of the use of 
peptide on phage libraries is the characterization of 
Individual phage isolates after sequential rounds of the 
affinity purification. Isolated phage may bind to other 
components found on an immobilizing surface, or may birA 
to the protein target at sites other than the active 
site. Using the phage sandwich assay, the binding of 
YGGFL- and YAGFAQ-phage was shown to be specific for the 
antibody and the interaction of the phage with antibody 
could be blocked by free YGGFL peptide. 

Shown in Fig. 6 are the results of tests on the 
effect of Fab concentration and wash time on the 
recoveries of YGGFL- and YAGFAQ-phage. Microtiter wells 
were coated with streptavidin as described above. 10^^ 
infectious phage particles bearing the peptides YGGFL or 
YAGFAQ were Incubated overnight at 4*C with either 50 Ml 
of 5nM or 50 pM biotinylated Fab. Aliguots were then 
added to different microtiter wells and incubated for 1 
hr. at room temperature. All the wells were washed 
guickly with TBS/0.65% Tween 20, with the last 200 Ml 
wash being left in the well. At various times 
thereafter, wells washed quickly with TBS/0.05% Tween and 
the phage remaining bound were eluted with 0.1 M HCl (pH 
adjusted to 2.2 with glycine) and quantitated by titering 
as described above. 

The results indicate that low Fab concentration 
(50pM) and dissociation times greater than 30 minutes 
allowed the selective recovery of phage bearing the 



I 

wo 91/19818 



PCr/1^91/04384 



46 

higher affinity peptide YGGFL. The use of a high 
concentration of Fab (5 nM) did not allow the 
diacrinination of phage hearing high and low affinity 
peptides. 

Phage enrichment using a low concentration of 

A pool of phage previously isolated by three 
rounds of panning and amplification using 5 nM 3E7 IgG 
served as starting material for additional affinity 
purification and amplification using a modification of 
the previous protocol. Phage (10^^ infectiouis particles 
in 1 ml of TBS) were incubated overnight at 4*0 with 2 ng 
of biotinylated Fab (50 pM final concentration) • T^e 
mixture was then exposed to streptavidin-coated plates 
and bound phage were isolated as described above. 
Individual phage clones were then Isolated and DMA was 
sequenced as described in Example I above. 

Shown in Table 6 are the sequences of peptide 
inserts of phage that were isolated by 2 rounds of 
affinity isolation and amplification using 50 pM of 
biotinylated Fab. A notable difference between the 
sequences shown in Table 5 and those identified in 
Example IZ using three rounds of affinity purification 
with 50 tiK IgG, is the frequency of Phe in the fourth 
position: 13/19 vs. 10/51 (p<0.05 Fisher Exact Test). 
Thus, the sequences more highly resemble the Icnown high 
affinity peptides YGGFL and YGGFM. The sequence YGGFLT 
was isolated by this procedure and, of the 20 clones that 
were selected from the final pool of phage, there was 
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only one repeat (the nucleotide sequence was also 
identical) • 

TABLE 6 

PjggWifltign Ecmilibriuin IC50 

(minutes) (nM) 

Control Peptides 



YGGFL * 18.2 6.6 ± 3.5 

YGFWGM* 0.25 150 

YAGFAQ* 8300 

pgptideg jgttlfltgd vith SQPM Fab 

YGAFQ6 18.9 27 ± 2.0 

YGGFLT 17.9 

YGYWSL 15.6 

YGAFMQ 13.7 13 ± 4.9 

YGAFFQ . 13.4 

YGAFFK 9.1 59 ± 22 

YGFWSN 7.4 
YGAFGG 5.0 

YGGF6F 4.7 65 ± 18 

YGVFSR 2.8 
YGGLSM 0.96 

YGTFIK 0.75 470 ± 140 

YGGIiVR 0.50 
YGSFSL 0.43 

YGAWYT ** 1600 ± 300 

YGRFFH ♦* 
YGGLRH ** 
Y6SFKA ** 

YGGFSP ii ] ' 



** indicates that initial binding was not detected 

Determination of the disgoeiation of f^'^IIFab from fusion 

Phage clgngg* 

An assay employing the anti-^phage antisera was 
developed to determine the rate of dissociation of 
[^^^I]Fab from individual phage isolates. Individual 
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fusion phase Isolates were anplifled In a 5 ml liquid 
culture of £• fifili K91 cells and phage particles were 
isolated and quantitated as described above, in 1 ml 
raicrotiter minitubes, 25 ^1 of TBS containing 
approximately 2 x lO' infectious phage particles were 
incubated with 25 ml of TBS/0.1% BSA containing 40,000 
cpm of t"'lJPab for 10 minutes. Anti-phage antisera (25 
Ml of 1:1000 dilution in PBS/0. l%BSAy and staph A 
particles coated with goat anti-mouse igG (25 ^1 of 
Tachisorb diluted eight-fold in TBS/0.1% BSA) were then 
added. Dissociation was initiated after 2 hours further 
incubation at 4*0. To prevent binding of unbound 
["*IlFab, 25 Ml of a 400 solution of YGGFL in PBS/0.1% 
BSA was added to all tubes and the amount of phage-bourd 
[^"l]Fab was determined by automated filtration on glass 
fiber filters previously treated with 1% BSA. Filter 
bound radioactivity was determined by gamma counting. 
Binding was determined in triplicate prior to and. 0.5, 1, 
2, 4, 8, 16, 32 minutes after the addition of YGGFL 
peptide. The time corresponding to a 50% reduction of 
initially bound ["^IJPab was determined by linear 
regression of a semi-logarithmic plot of amount bound vs. 
time. This assay was calibrated with library phage 
clones bearing peptides of known affinity (YGGFL, 7nM and 
YGFH6M, 350 nM) , as shown in Fig. 7. 

Shown in Table 6 are the tl/2 values for the 
phage clones that were picked from the pool of phage 
isolated using 5 pM Fab. Sever.U of the clones had tl/2 
values similar to the control pha^te YGGFL. Specific 
binding of l"'l]Fab was not detected for 5 of the 20 
clones that were examined. 

For a series of related ligands, the rank order 
of dissociation rates should correlate with the rank 
order of equilibrium binding constants (Kds) • This 
correlation was confirmed and quantitative relationship 
established between dissociation rates and the Kd of the 
corresponding free peptide, in addition, the affinity 
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requirements for selection using low Fab concentrations 
were established. 

Several peptides corresponding to those phage 
clones with differing dissociation rates were chemically 
synthesized and their potencies were determined In a 
solution competition assay. The tl/2 values correlated 
with the XC50 of the corresponding free peptide. Under 
the conditions of the competition assay (low 
concentration of tracer, <20% bound tracer, 18 hr* 
Incubation), the IC50 should approximate the Kd. For 
phage bearing peptides with Kds greater than 500 nM, 
specific binding was not detected under these monovalent 
assay conditions. 



EXAMPLE IV 

C9n9gry?4 Pipultifl^ FrftwewrKg* 



A conotoxln peptide library is prepared as 
generally described above, by synthesizing 
oligonucleotides containing degenerate codons of the KNK 
(or NNS) motif. Here N is equlmolar A,C,G, or T, and X 
is equlmolar G or T (S«G or C) • This motif codes for all 
20 amino acids at each locus in the hypervariable 
regions. (Alternatively, the degenerate portion can be 
assembled by the condensation of 20 activated 
trinucleotides, one for each amino acid.) The six 
cysteine codons are preserved to produce the 
characteristic conotoxln frameworks. 

To sample additional diversity in the peptide 
libraries, the number of residues between the Cys*s is 
varied. This is accomplished as follows: 

(1) Five separate oligonucleotide synthesis 
columns are prepared with the first nucleotide 
immobilized on resin. (2) The common regions of the 3* . 
end of the oligonucleotides is synthesized (all columns 
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go through the sane cyoles to produce the cloning elte^ 
etc., on this end). Synthesis on all columns is carried 
out through the first Cys (or CysCys) of the cono- 
framework. (3) On column 1, two degenerate codons are 
synthesized; on column 2, three degenerate codons are 
synthesized, on so on. Each coliimn now has 
oligonucleotides with either 2,3,4,5, or 6 degenerate 
codons in the first hypervariabie region. (4) One Cys 
codon is now added to all columns (this is the second Cy3 
of the omega class or the third Cys of the mu class) . 
(5) The resins from all five columns are removed, mixed 
well, and reallocated among the five columns. Each 
column now contains oligonucleotides with all five 
lengths of first hypervariabie region. (6) Each column 
is again put through either 2,3,4,5, or 6 cycles of 
degenerate codon synthesis as before; and the next Cys 
codon (or CysCys for omega) is added. (7) The resins 
are again removed, mixed, and redistributed to the five 
columns, and the process is repeated through three (for 
mu) of four (for omega) hypervariabie regions. (8) The 
common sequence on the 5* end of all the oligonucleotides 
is synthesised, and the oligonucleotides are removed from 
the resins and purified as usual. 

Folding of the peptides to achieve 
biological activity may be directed by a 40 amino acid 
conserved "leader peptide" at the N-terminus of the 
pretoxin molecule. Synthesized as part of a recombinant 
fusion protein, this leader may enhance the folding of 
many of the members of the library into the "correct" 
conotoxin-liKe framework. Alternatively, allowing the 
cysteine framework to form in a random manner produces a 
variety of structures, only some of which mimic the 
conotoxin framework. This collection provides additional 
multi-loop structures that add to the diversity of the 
peptide library. 

To minimize the possibility that one 
conformation would predominate, a gentle reduction of the 
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phage In vitro is employed, followed by mild oxidation to 
form most of the conlormations. Mild reduction/ oxidation 
can be accomplished by treatment with 0.2 to 5 mM DTT 
followed by extensive dialysis to non-reducing 
conditions* A regenerable, immobilized lipoic acid 
column to rapidly pass the peptide-bearing particles over 
can also be used. 

The possibility of promiscuous binding of Cys 
residues in the peptide binding to other proteins can 
also be minimized by mild reduction and oxidation, or can 
be avoided by re-engineering the fusion protein by site- 
directed mutagenesis to remove the Cys residues. • 

Peptides with the conotoxin framework can be 
expressed in several types of libraries as described 
herein. For example, the peptides can be 1) expressed in 
an N-terminal library in phage fAFFl? 2) expressed 
internally, fused to pIXI at or near the N-terminus, 
displacing the degenerate peptides 2 to 10 or more 
residues from the cleavage point to circumvent processing 
problems; 3) expressed in a carboxy terminal exposed 
library (as many of the conotoxins are C-terminally 
amidated, residues with amino side chains can be added to 
the C-terminal end of the peptides, or the peptide 
library, can be amidated In vi^yo ) : and 4) the putative 
40 residue "folding peptide" can be installed upstream of 
degenerate peptides displayed in the c-terminally exposed 
configuration. 

This general format for using the secondary 
framework structure of conotoxins can also be applied to 
other peptide families with biological activities as a 
basis for designing and constructing peptide 
expression/screening libraries in accordance with the 
present invention. 

Although the foregoing invention has been 
described in some detail by way of illustration and 
example for purposes of clarity of understanding, it will 
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WHAT IS CTATMRn Tg. 

1. A method for Identifying peptides of interest 
which bind to a preselected receptor, comprising: 

transforming host cells with a bacteriophage 
expression vector which comprises an oligonucleotide 
library of at least about 10* members which encode 
peptides, wherein a library member is joined in reading 
frame to the 5« region of a nucleotide sequence encoding 
an outer structural protei.-! of the bacteriophage; 

cultivating the transformed host cells under 
conditions suitable for expression and assembly of 
bacteriophage; 

contacting bacteriophage that express the peptides 
to the preselected receptor under conditions conducive to 
specific peptide-receptor binding; and 

selecting bacteriophage which bind to the receptor 
and therefrom identifying the peptides of interest. 

2. The method of claim 1, further comprising the 
step of determining the nucleotide sequence encoding the 
peptide of interest in the selected bacteriophage. 

3. The method of claim 1, wherein the selected 
bacteriophage are propagated and the contacting and 
selecting steps are repeated to enrich for bacteriophage 
which express the peptides of interest. 

4. The method of claim 3, wherein the valency of 
the specific peptide-receptor binding interaction is 
reduced in subsequent repetitions of the contacting, 
selecting and propagating steps to enrich for peptides of 
higher binding affinity. 

5. The method of claim 1, wherein the bacteriophage 
expressing peptides and receptor are present at 
concentrations that produce a substantially monovalent 
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binding interaction between the receptor and 
bacteriophage whicn express peptides of interest. 

6. The method of claim 5, wherein the contacting 
step under substantially monovalent binding conditions is 
repeated at least once between additional rounds of 
propagation of the selected bacteriophage. 

7. The method of claim 6, wherein the receptor is 
monovalent. 

8. The method of claim 7, wherein the monovalent 
receptor is a Fab fragment of an antibody. 

9. The method of claim 1, further comprising 
determining a dissociation rate for the peptide of 
interest and the receptor under substantially monovalent 
peptide-receptor binding conditions and therefrom 
determining the binding affinity of the peptide of 
Interest for the receptor. 

10. The method of claim 1, where the receptor is 
bound to a solid phase and the selected bacteriophage are 
separated from the culture. 

11. The method of claim 10, wherein said receptor 
is an antibody or binding fragment thereof. 

12. The method according to claim 1» wherein the 
outer protein is a bacteriophage coat protein. 

13. The method of claim 1, wherein the 
bacteriophage encoded by the expression vector is a 
filamentous phage. 

14. The method of claim 13, wherein the filamentous 
bacteriophage is fl, fd, or M13. 
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15. The method of claim 14, wherein the 
bacteriophage is fd or a derivative thereof. 

16. The method of claim 15, wherein the outer 
bacteriophage proteiin is a coat protein. 

17. The method of claim 16, wherein the coat 
protein of the fd bacteriophage is pIII. 

18. The method of claim 1, wherein the 
oligonucleotide library comprises a series of codons 
encoding a random collection of amino acids. 

19. The method of claim 18, wherein the codons 
encoding the collection of amino acids are represented by 
(NNK)^ or (NMS)^, where N is A, C, G or T, K is G or T, S 
is G or C, and x is from 5 to 8. 

20. The method of claim 19, wherein the series of 
codons encoding the random collection of amino acids of 
the oligonucleotide library member encodes a hexa- 
peptide. 

21. The method of claim 19, wherein x is 8 and the 
recombinant bacteriophage screened in the selecting step 
represents up to about 10% of the possible octapeptides. 

22. The method of claim 18, wherein the 
oligonucleotide library member further encodes at least 
one spacer residue. 

23. The method of claim 22, wherein a spacer 
residue comprises Gly. 

24. The method of claim 23, wherein the spacer 
comprises Gly«-Gly. 
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25 « The method of claim 18, wherein the 
oligonucleotide library is flanked by nucleotide 
sequences that encode conserved residues that comprise 
structural frameworks for peptides of interest. 

26. The method of claim 25, wherein the flanking 
sequences encode Cys residues. 

27. The method of claim 26, wherein the Cys 
residues flank the N- and C- terminals of the peptide of 
interest. 

28. The method of claim 26, wherein at least o'^e 
conserved Cys residue is encoded within the library 
variable region. 

29. The method of claim 25, wherein the structural 
framework comprises that of a conotoxin-like peptide and 
the conserved residues are Cys. 

30. The method of claim 29, wherein the sequence of 
the structural framework comprises Cys-cys-Y-Cys-Y-Cys- 
Cys or Cys-Y-Cys-Y-Cys-Cys-Y-Cys-Y-Cys, wherein Y is 
(NNK), or (NHS),, where N is A, C, G or T, K is G or T, S 
is G or C, and x is trom 2 to 6. 

31. The method of claim 18, wherein the variable 
codon region is prepared from a condensation of activated 
'trinucleotides. 

32. The method of claim 18, wherein fragments of 20 
to 100 basepairs of a gene which encodes a known ligand 
for the preselected receptor are cloned into the 
oligonucleotide library. 
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33 • The method of claim 1, wherein the host cells 
are transformed by eleotroporatibn. 

34. The method of claim 1, vherein the 

5 oligonucleotide library comprises at least about 10^ 

members • 

35. The method of claim 1, vherein the 
oligonucleotide library members are inserted in the 

10 bacteriophage expression vector so that the N-terminus of 

the processed bacteriophage outer protein is the first 
residue of the peptide. 

36. The method of claim 1, vherein the 
bacteriophage protein is a preprotein vhich is processed 
by the host cell to leave the peptide encoded by an 
oligonucleotide library member exposed at the N-terminus 
of the mature outer structural protein. 

37. The method according to claim 36, vherein the 
peptide comprises spacer amino acid residues are encoded 
by the oligonucleotide library members betveen the N- 
terminus of the mature outer protein and the c-terminus 
of the peptide. 

38. A method for identifying peptides of interest 
vhich bind to a preselected receptor, comprising: 

transforming host cells vith a bacteriophage 
expression vector vhich comprises an oligonucleotide 
library vhich encodes peptides, vherein a library member 
is joined in reading frame vith a nucleotide sequence to 
encode a fusion protein, vherein the library member 
represents the 5' member of the fusion protein and the 3' 
member comprises at least a portion of an outer 
structural protein of the bacteriophage; 

cultivating the transformed cell under conditions 
suitable for expression and assembly of bacteriophage; 
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contacting bacteriophage that express the peptides 
to the preselected receptor under conditions conducive to 
specific peptide-receptor binding; and 

selecting bacteriophage which bind to the receptor 
and therefrom identifying the peptides of interest. 

39. A composition comprising a peptide produced 
according to the method of claim 1, 13, 19, 31 or 38. 

40. The composition of claim 39, wherein the 
peptide binds an antibody. 

41. An oligonucleotide library produced according 
to claims 1, 13, 19, 31 or 38. 

42. A host cell transformed with a bacteriophage 
expression vector which comprises an oligonucleotide 
library member, joined in reading frue to the 5' region 
of a nucleotide sequence encoding an outer structural 
protein of the bacteriophage, wherein the library member 
encodes a peptide of at least about five to twenty-five 
amino acids. 

43. The host cell of claim 42, wherein the 
oligonucleotide library member comprises a series of 
codons encoding a random collection of from five to eight 
amino acids. 

44. The host cell of claim 43, wherein the 
oligonucleotide library member further comprises a 
sequence encoding at least about one to five spacer amino 
acids which are expressed adjacent to the random 
collection of amino acids. 

45. A collection of filamentous bacteriophage 
having a peptide on the N-terminus of a coat protein, 
wherein the peptide is coded for by a oligonucleotide 
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library aenber from a randomly generated mixture of 
ol igonucleot ides • 
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